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A SYNOPSIS OF THE RESPONSES RECEIVED BY THE
DEPARTMENT OF THE INTERIOR IN ANSWER TO
SECRETARY UDALL'S REQUEST FOR SUGGESTIONS
ON THE DEVELOPMENT OF OIL SHALE ON THE
PUBLIC LANDS
John M. Kelly
It is a real pleasure for me to meet with you here in Golden on this
auspicious occasion. May I congratulate the Colorado School of Mines and
its officials for undertaking the establishment of this forum where all
those interested in the development of a new enterprise based on the vast
oil-shale lands of the West can gather to discuss their views, share their
opinions, and consolidate their convictions.
The Department of the Interior, in response to Secretary Udall's
invitation, has received more than 200 suggestions and plans for the
formulation of a program leading to the orderly conservation and de
velopment of the federally owned oil-shale deposits in Colorado, Utah,
and Wyoming. Some of the responses related only to new techniques or
processes for mining, retorting, and utilization of oil shale and shale oil
and all of these have been carefully considered by the Bureau of Mines
and other appropriate groups in the Department. Each response has been
or will be acknowledged.
The majority of the expressions dealt with the present major prob
lem a policy or plan for regulations leading to the leasing of the federal
oil-shale lands in such a manner as to yield a sensible, proper develop
ment of our oil-shale resources. The recommendations of the majority of
these expressions were as follows: (1) Rescind President Herbert Hoover's
Executive Order No. 5327 of April 15, 1930, for the withdrawal of oil-
shale lands from leasing, (2) begin leasing of oil-shale lands immediately,
(3) establish a sliding-scale royalty from 5% to 7% percent, (4) limit
the size of leases to 5,120 acres, and (5) grant leases on a first-come, first-
served basis, or on a competitive-bid basis for simultaneous offers.
The simple rescinding of Executive Order No. 5327 would create more
problems than it would solve and would not be in consonance with the
many changes and amendments made by the Congress in the Mineral
Leasing Act of 1920, and with the regulations promulgated by the Sec
retaries of the Interior under these laws. The numerous and helpful
Assistant Secretary, United States Department of the Interior.
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suggestions that have been made, and those that yet will be made, will be
invaluable in a considered assessment of the situation and in the solution
of our problem. Many of you here now sent us your suggestions. One fact
that stands out is that we must proceed carefully in order to establish the
very best basis for the development of our coming oil-shale industry.
The responses relative to Executive Order No. 5327 were almost
unanimous in recommending that the restrictions be removed
immedi
ately or in the very near future. There were expressions of caution
in
several letters showing that we must have a sound program to carry
forward before the opening of these lands. Those advocating partial lifting
of the withdrawal were thinking in terms of encouraging development
through limited tract leasing for research and development programs.
It is believed that the majority interpreted the Executive Order covering
public lands as being the main reason an oil-shale industry is not in
operation today. I think it is worthwhile to note that this belief does not
accord with the facts. A substantial portion of the Nation's oil shale
reserve is in private ownership. In the Piceance Basin of Colorado, for
example, almost thirty percent of the total oil shale acreage is in private
hands. It is apparent that technical and economic factors have delayed
the start of the industry.
Comments for the removal of existing regulations were widely varied.
To some, this complete removal meant that a more tailored set of regula
tions could be instituted when new policy has been set by the Department.
Complete replacement was proposed by some responses, so that regula
tions could be issued that would be more compatible with limited research
and development type leasing. Others believe that the existing regulations
were usable in their present form, or that with modification and amend
ment they could be made workable. Some people suggested that the
present regulations were adequate for limited leasing and, based upon
experience gained, could be altered to fit future adjustments felt necessary
by the Department.
Surprisingly, only a limited number of responses made concrete sug
gestions for new legislation to replace provisions of our present mineral
leasing laws and regulations, if the ban on oil-shale leasing were lifted.
It was gratifying to see among the response a recognition of the
functional problems that must be solved before development of oil shale
public lands can occur. Two main areas were recognized as of paramount
importance to making these lands available for development. First, prob
lems related to multiple use of these lands must be solved as dual usage
is prevalent on almost all parcels which contain valuable oil shale. In
much of the area a conflict between mineral deposits exists, coupled with
the surface use that will conflict with known oil shale recovery processes.
It was suggested that multiple use be clearly defined and where conflicts
occur, the lands be made available for only one type of mineral or surface
development. In the mineral area, petroleum, natural gas, sodium, and
oil shale were mentioned as having overlapping development problems.
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The surface must also be considered from the standpoint of existing im
provements, water, wildlife and hunting.
Secondly, the problems arising from the unpatented mining claims that
cloud the title of large portions of public land were recognized as being
in dire need of solution. There were suggestions that the Department
adopt a liberal attitude in bringing many of these claims to patent; to
allow the courts to resolve their title; possibly to have a specific period
for final right of patent on all outstanding claims, or, in a sense, declare
an "open
season."
Where lands were to be leased with unsettled title, a
moratorium was suggested for the lease rentals, obligations and terms
upon issuance, until title was cleared.
If I may divert from this synopsis for a moment, I would like to
interject the action that has been taken by the Secretary in issuing a legal
opinion rejecting patent applications for more than 250 oil shale placer
claims on the Colorado Plateau. The decision upheld an earlier action by
the Bureau of Land Management's Land Office in Denver.
The issue in this appeal was whether the applicants are entitled to
take advantage of a 1935 Supreme Court opinion holding that mining
claims could not be canceled for failure to perform annual assessment
work as required by the mining laws. Each of the claims involved in the
ruling had been canceled by Departmental rulings issued in the early
1930's before the Supreme Court's decision.
In making this announcement, Secretary Udall pointed out that the
Department intends to move in an "orderly and expeditious
way"
to
develop a program for the utilization of the oil-shale resources. The
Bureau of Land Management was directed to identify all remaining un
patented oil shale mining claims in the States of Colorado, Utah, and
Wyoming, and to begin proceedings in each case in which it appears that
the claim may be invalid. As to such cases which are not now the subject
of contest or of patent application, the Bureau will, as soon as possible,
initiate proceedings to test the adequacy of the discovery on which the
claim is based and to assert any other ground for contest which might
be justified by the facts.
In determining the validity of any claim the claimant has the burden
of proving (1) that a valid discovery had been made prior to February
25, 1920, the effective date of the Mineral Leasing Act, or (2) that mineral
had been exposed or found within the boundaries of the claim which,
although insufficient to constitute a valid discovery, was connected with
or led to valid discovery after February 25, 1920, as a result of work
being diligently prosecuted on said date and diligently continued there
after to such discovery.
To qualify as valid the discovery must have been such, on the date
it was made, as would justify a person of ordinary prudence in the
further expenditure of labor and means, with reasonable prospect of
success, in developing a valuable mine.
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The Bureau was provided with the following guidelines in applying
the test of discovery:
a. The fact that any given deposit of oil shale may be a
valuable
resource for future use does not render the discovery valid under
the mining laws unless a person of ordinary prudence would
be
justified in the further expenditure of labor and means with the
reasonable prospect of developing a valuable mine.
b. The finding or exposure of an isolated bit of mineral or quantities
of low-grade mineral, not connected with or leading to valuable
mineral deposits, will not in itself be considered a sufficient dis
covery.
c. The mineral deposit actually found or exposed by the locator must
itself have been of such character as to meet the test of discovery
without regard to other physical evidence or information not ob
tained from within the boundaries of the claim from which the
existence of substantial values beneath the surface may be inferred.
One of the elements in the application of the standard test of discovery
will be the question of the economic or physical value of oil shale. The
lack of any economically or commercially feasible method of extraction
and production of shale oil from oil shale is a relevant, although not
necessarily decisive, consideration in determining whether a discovery
was made. In this regard, the mere showing of an outcrop of the
Mahogany Ledge, in circumstances which heretofore have provided the
basis for patent, will no longer be accepted as prima facie evidence of
compliance with the requirements of the mining laws. This does not
mean that the claimant is required to demonstrate the immediate market
ability of oil shale as is true in the case of certain non-metallic minerals
of widespread or common occurrence.
Now to return to our summary, we have remaining categories of
leasing programs and lease terms that were suggested. The overall leasing
programs mentioned just about covered the spectrum of possibilities. Non
competitive leasing with simultaneous filing similar to the present practice
in use of oil and gas leases on public land was proposed with the reasoning
that it gave small and large operators an equal chance. Others were against
this system because of the large initial costs required before a return is
realized on the investment. Those suggesting a competitive bid system put
forth several ideas including bonus cash bid, oral bidding, sealed bids,
research and development provisions with acceptance of best plan, or
other provisions that would foster development and not leave the lands
idle. Additional suggestions touched upon the necessity for allowing
nomination of areas, provisions for unitization, land exchange to solidly
block out development tracts, limitation of number of tracts to be made
available for leasing, and limitation of number of tracts each individual
or company may
hold. The use of a checkerboard system was suggested
as a possible means for the Government to obtain full value from the oil
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shale after development has started in lieu of leasing, some writers thought
that research and development contracts could be entered into by the
Government with interested parties willing to put up substantial sums
of money.
Expandable holdings were suggested that would include performance
and cancellation clauses to protect the Government's interests. In some
responses the appointment of committees was proposed. These were to be
either governmental or combination of industry and governmental repre
sentatives which would study the alternatives and make recommendations
on the best approach for fostering development.
A majority of the letters included lease provisions which the writers
would like to see adopted. Primary terms mentioned for leases were
5 years, 10 years, 15 years, and 20 years with the usual provisions for
lease extension by production. To this was added the idea that diligent
pursuit of research and/or development should extend these leases even
though production is not being obtained from the oil shale. Apparently,
individuals felt that the considerable initial investment should give some
protection rights beyond those allowed on conventional oil and gas leases.
Suggestion of an indefinite term-was also made apparently for recognition
of the large investment costs. Proposed royalty rates ranged from less




.50, $1, $2, and $10 per acre
per year. The possibility of suspension of royalty and rental was offered
under special circumstances such as continuing research and development
periods or accidental work stoppages from mine cave-ins, and so forth.
Lease acreage limitations suggested also covered a rather wide range,
from a minimum of 160 acres to a maximum of 5,760 acres, with sug
gestions for a variable lease size based on shale-oil content and formation
thickness. Proposed maximum holdings for a single individual or com
pany varied from 2,660 acres to 23,040 acres, with some possible state
or national limits.
This is a brief summary of the major suggestions that have been
received for ways and means for opening now closed oil-shale lands for
development by private industry and individuals. A few further observa
tions are in order.
The comments that we have received, while extremely helpful, have
not touched sufficiently on two major policy areas of concern to the
Department.
First, we cannot view shale oil apart from the other elements of the
Nation's total energy complex. We have witnessed during the last genera
tion several major shifts within this country's energy economy. Some
of these transitions have occurred smoothly, while others have of necessity
included major sociological costs. It is imperative that policy with respect
to oil shale recognizes on the one hand the need for change and on the
other hand assures that change, when it occurs, is constructive.
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Second, I have come to view the North American Continent as a major
potential source of the energy that will be required as economies
around
the world industrialize and expand. If oil shale policy is
designed to
meet only the domestic situation, it could fall far short of what is required
of us in the international sphere.
Definitive answers to these two fundamental policy questions
that is,
the future role of oil shale in the U.S. energy economy, and its
future
position in the economies of the rest of the world are required before a
sound basis for development of this vast domestic resource can be
established.
In conclusion, I want to thank all of you personally for your ideas and
suggestions as to what the Federal oil shale lands policy should be, so
that our Nation may obtain the maximum benefit from this untapped
natural resource. We shall do all we can to move with proper speed.
OIL FROM ROCK THE GAS-COMBUSTION PROCESS
Boyd Guthrie, Sr.
"Our American shale, and the production of oil therefrom, has been,
and is at present, being discussed in written articles by many writers of
varying experience and capacity. Some of these are recording more or
less valuable results of experimental and research work, some of which
is new and some, already well-known facts; others are merely rehashing
old and well worn data from the
re ords."
The foregoing statement ap
peared some 42 years ago as the opening sentences of an article on oil
shale, by J. B. Jenson, published in the March 15, 1922 edition of Chemical
and Metallurgical Engineering.
After my search for something new and different to present in this
paper, I could not resist the temptation to quote Jenson and forewarn the
old-timers that I will have little that is new to present, but I'll try to flavor
the rehash so the newcomers to the fold will feel
"Shailoilogy"
is a field
of science well worth exploiting. While
"Shaloilogy"
(a term suggested
by Mr. Jenson) includes the fields of mining, crushing, materials handling,
retorting, refining, etc., my remarks today will be limited mainly to
retorting, as it is my understanding that several other fields of "Shailoil
ogy"
will be discussed by others on this program. I might add at this
time my remarks will be based solely on my experiences with the Bureau
of Mines.
Any classical paper on oil shale always tells the reader that the term
is a
"misnomer"
that it's neither a shale nor does it contain oil. Instead,
it is just a rock impregnated with organic material that won't run out or
can't be soaked or squeezed out. The big question then is, "How come
shale
oil?"
To date there is only one answer to the question, and it's a
real simple one just heat the rock until the organic matter vaporizes,
then condense the vapor Presto ! shale oil plus some gas and a car
bonaceous residue. This simple process of pyrolysis, or cracking, of the
organic matter (kerogen) is called retorting, and the container in which
it is heated is called a retort.
Although the answer is simple, it's the
"how"
to the answer that has
stirred the imagination for more than a hundred years. Over two
thousand patents have been issued covering ideas as to
"how."
Of these,
only a few have been
reduced to practice, and none have been demon
strated commercially in the United States.
Consultant, Socony Mobil Oil Company, New York, N.Y.
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RETORTING IN GENERAL
In discussing retorting, it always seems worthwhile to classify the





Class I Indirect heating through the wall of the retorting
vessel
(Original Pumpherston. Kvarntorp, Suspended Solids,
Hayes) .
Class II Direct heating by hot gases from combustion within the
retorting vessel (N.T.U., Union, Gas-Combustion).
Class III Heat transfer from an externally heated carrier fluid
(Gas-
Flow. Thermal Solution, Tunnel Oven).
Class IV Heat transfer from recycled hot solids (TOSCO, SOD
Fluidized) .
An efficient retorting process for any particular shale should be
capable of producing the desired products at costs low enough to yield
a profitable rate of return. Class I retorts generally suffer from low
heat-
transfer rates and have correspondingly low throughputs. The vessel size
is limited and thermal efficiencies are low. They, therefore, do not lend
themselves to low cost production. Classes II, III, and IV, all of which
use some measure of direct heat transfer, exhibit some promise of fulfill
ing most of the following prerequisites of an economically feasible process
for retorting Colorado oil shale:
1. It should be continuous.
2. It should be capable of high oil recovery efficiency.
3. It must have a high shale throughput rate.
4. It must be thermally self-sufficient; that is, all heat requirements
should be supplied from the hydrocarbon gases and/or the residual
carbon produced from the pyrolysis of the organic matter in the
shale, rather than from the oil.
5. It should require low capital investment; be mechanically simple;
easily operable; and possess a high operating factor with low
operating costs.
6. It should lend itself to enlargement into high-tonnage retorts
rather than a multiplicity of small units.
7. It should require little or no water as the Colorado deposits are
located in semi-arid regions where the only water available is
costly.
8. It should be capable of efficiently processing oil shale of as wide
a particle size range as possible to minimize the amount of
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crushing, screening, and handling, which otherwise would be
required.
BUREAU OF MINES RETORTING STUDIES
The Bureau of Mines, during its field studies of retorting processes
in the late twenties, and again from 1944 to 1955, constructed and
operated several different retorts near Rifle, Colorado.
Studies during the late twenties were devoted to investigating the
N.T.U. batch process and the Pumpherston continuous process. Retorts
used in both cases were considered of commercial size, the N.T.U. having
a charge capacity of about 30 tons and the Pumpherston Retort, which
had been imported from Scotland, was rated at about 5 tons per day
when retorting Scottish shale.
The general conclusions that can be drawn from the early experi
mental work with these retorts indicate:
1. That the Pumpherston Retort operated as a Class I Retort was
not self-supporting as to energy requirements. The peculiar prop
erties of the Colorado shale limited its range of operability to
shales assaying less than 22-24 gallons per ton.
2. The N.T.U. Class II Retort was self-supporting energywise and
at low retorting rates, and high recycle gas circulation rates
100 percent recovery of the Fischer assay was possible. Because
of its design and type of construction, it proved capable of retort
ing Colorado shale irrespective of any of its peculiar properties
including its coking tendencies. This batch type of retort, or some
modification of it, has been used throughout the world for pro
cessing a wide variety of shales. Its simplicity recommends it, but
its limited capacity, high capital, and operating costs, preclude
its use commercially on Colorado shale.
With the reactivation, in 1944, of the Bureau's Oil Shale Research
Program, two mechanically improved 40-ton N.T.U. batch retorts were
built and operated to familiarize technicians with the technology of ( 1 ) the
handling and heating of broken solids; and (2) the control of conver
sion reactions involved in the production of shale oil. In addition, they
were needed for the production of sufficient quantities of shale oil to
yield the refined products required for service testing.
Simultaneously, with the operation of these retorts, several other
retorting ideas were
investigated and carried through the small pilot-
plant development stage with varying degrees of operating success. The
more important of these were termed the Royster and Gas-Flow processes.
Although each had shortcomings which limited their commercial feasi
bility, their development and operation materially added to the experi
ence and knowledge of retorting.
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DEVELOPMENT OF THE GAS-COMBUSTION PROCESS
After gaining experience with the aforementioned retorting processes,
and after observing numerous other methods in their
development stage,
Bureau of Mines engineers concluded that: (1) countercurrent flow of
shale and the heating medium was desirable; (2) internal-combustion
processes generally were the most thermally efficient; (3) cold shale
should be used to cool the hot combustion retort gases, thus eliminating
high water consumption and preventing coke-like formation in the re
covery system; (4) sensible heat from retorted shale should be recovered,
thus discharging cool, spent shale; and (5) the retort gas and/or carbon
residue on the retorted shale should supply all heat required for
retorting.
Based on these parameters, all efforts were devoted to developing a
countercurrent, gravity-flow, and internal-combustion retorting method.
Time does not permit a detailed discussion of all the techniques investi
gated or experiments conducted. It will have to suffice to say that during
the experimentation program, purely by chance, a set of conditions were
selected that seemed to favor the formation of a stable oil mist, the
results of which were so encouraging that an all-out effort was made to
perfect what was to be termed the Gas-Combustion Process.
The Gas-Combustion retorting process is characterized by its use of:
(1) continuous, gravity flow of shale; (2) direct gas solids heat ex
change; (3) heat supply by internal combustion; and (4) condensation
of oil in the retort as a recoverable mist. The retort is a vertical, re
fractory-lined shaft equipped with the necessary shale and gas handling
devices.
In describing the process, it is convenient to divide the retort into
four functional zones (fig. 1) although there is no physical separation
and no definite dividing line between these zones. In the upper exchanger,
slowly descending shale is heated to retorting temperatures by a counter-
current flow of gas (dashed line in fig. 1) which is hotter throughout
than the shale (solid line). At the same time, the gas is cooled, and oil
vapors are condensed into an oil mist. In the combustion area (about
midway in the retort) air diluted with recycle gas is injected. The oxygen
reacts with combustibles to heat the ascending gas to a high enough
temperature that heat in the exchanger above will flow from the gas to
the shale. Conversely, the lower heat exchanger transfers heat from the
hot shale to the incoming cold recycled product gas. Enough recycle
gas is circulated to the bottom of the retort to both support the required
combustibles and cool the shale so that it can be handled by common
conveying
equipment. By thus utilizing gas-to-solids heat transfer for
heating, and then cooling the shale in one vessel, very high thermal
efficiencies are obtained.
The stream leaving the top of the retort passes first through oil mist
separating devices to
recover the product oil. The clean gas then enters
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Figure 1. Gas-Combustion heat-exchange zones.
a blower which furnishes the energy necessary to move the gas. After
leaving the blower, the gas stream divides into three portions. One part
referred to as dilution gas is injected with the air to the center of the
retort. Another part, called recycle gas, is introduced to the bottom of the
retort. The remainder, representing the net amount of product gas, is
vented from the retorting system.
The mechanical simplicity of the process is one of the most important
advantages. The retort vessel is relatively simple with only static
gas-
and shale-distribution devices. Raw and spent shale handling presents no
problem because of the low temperatures and minor forces involved. The
air distributor at the combustion zone is the only part that requires special
design considerations.
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GAS-COMBUSTION PILOT PLANTS
The first pilot plant constructed in the course of the Bureau's de
velopment work on the Gas-Combustion Process was a 20-inch I.D.,
refractory-lined, cylindrical vessel 12 feet high. Capacity of the
plant
ranged from 5 to 8 tons per day. Movement of shale through the retort
is regulated by the speed of the discharge mechanism at the
bottom. Instru
ments controlled the desired gas rates, the shale flow, the pressure of the
system, as well as recording the resulting
conditions. Temperatures through
out the retort and product-recovery system
also were automatically con
trolled.
During the experimental period of operation of this retort, two
demon
stration runs, each of 10
days'
duration, were made. The first was made
in October of 1950 to produce data upon which to base an estimate of the
economic feasibility of the process. Results, along with its operability,
indicated the Gas-Combustion Process to be the most attractive com
mercially of any of those studied.
As a result of this run, the National Petroleum Council's Oil Shale
Study Group was asked to include the process in their economic evalua
tion studies. Before doing so, the N.P.C. oil shale subcommittee on pro
cessing requested the opportunity to observe the
retort's operation on
higher quality shale; therefore, about 15 months later, in January of
1952, a second 10-day run was made using approximately 30 gal. shale
of a particle range as large as the geometry of the retorting vessel would
accommodate without flow interference. Pertinent data from these two
10-day demonstrations are shown in Table 1. If nothing else, they demon
strate the reproducibility of the retort and process.
Table 1
Duration of Test Days
Average Throughput Tons/Day
Average Shale Rate Lb/Hr/Sq. Ft.
Particle Size Range Inches
Average Fischer Assay Gal/Ton
Average Yield Vol % Fischer Assay
Average Assay Value Spent Shale
As experiments with the process progressed, Bureau engineers started
studying scale-up
problems which might be inherent to such a process
and decided to construct two additional pilot plants, one nominally rated
at 25, the other at 150 tons per day. For mechanical and operational
convenience, these two pilot plants were rectangular in shape rather than
cylindrical, one with a
cross-section of 2 x 4 feet, the other 6 x 10 feet.
It was thought the smaller of the two would serve as a pilot for the
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larger, as mechanical or process changes and so forth could be imple
mented more easily and tried out at much less cost. Also, it was thought
from the operation of the two similarly shaped but different dimensioned
retorts that scale-up problems could be better defined.
For purposes of identification, the small cylindrical shaft pilot plant
was commonly referred to as the No. 1 Gas-Combustion Pilot Plant, the
next larger but rectangular shafted retort was called the No. 2 Plant, while
the largest was called the No. 3 Plant.
Except for some mechanical features which would not affect process
considerations, the No. 2 and No. 3 Pilot Plants were similar. In the
interest of brevity, only the larger unit will be described. It was hoped
that this size retort would yield sufficient data and engineering informa
tion upon which to base the design of a commercial size prototype retort
of about 1500 to 2000 tons per day.
The No. 3 retort, 6 x 10 feet in cross-section, has an adjustable bed
height of from 25 to 35 feet, with the position of the bed being controlled
by a telescoping feed chute. To aid shale movement, corners of the vessel
were rounded, and the upper section built with a slight downward en
larging taper. Shale is discharged through roll feeders, and thence into a
screw conveyor, and a rotary feeder which acts as a gas seal. To eliminate
a mechanical seal at the top of the retort, the point of shale entry is con
trolled at atmospheric pressure. The product-recovery system consists of
wet-type centrifugal blowers, a high-velocity centrifugal separator, and
turbine-type blowers for gas circulation. Air-injection devices similar
to those used in the No. 1 Pilot Plant operations were installed, but they
extended across the bed (6 feet dimension) and are spaced at 2-foot
intervals, leaving 18 inches clearance between.
Initial operations using the No. 3 retort were begun in June 1953.
For about six months, efforts were directed toward elimination of minor
but troublesome mechanical difficulties. Beginning in 1954, refinements
were made in the process, usually following developments resulting from
research on the smaller pilot plants.
Up to the termination of retorting research in 1955, primary con
sideration had been given to a study of some of the operating variables
as well as the operability of the retort over extended periods, at reasonably
high shale-throughput rates. Retorting rates of about 240 tons per day,
equivalent to 330 pounds per hour per square foot of bed cross-section,
were demonstrated. High retorting efficiencies are indicated by the low oil
content of the shale discharged, usually below 0.5 gallons per ton. Refine
ments in the recovery system were being studied, and more information
was to have been gathered on oil mist formation in an effort to increase
the recovery of liquid product to that demonstrated in the smaller pilot
plant, but the program was terminated before this could be accomplished.
Table 2 presents representative data from operation of the larger
pilot plants :
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Table 2
Pilot Plant No. 3 #0. 2
Fischer Assay, Shale Change, Gal/Ton
Throughput Rate T/D
Mass Shale Rate Lbs/Hr/Sq. Ft.
Shale Size Range Inches
Oil Recovery % Vol. Fischer Assay
Gas Produced M Std. Cu. Ft./Ton









In the Gas-Combustion Process, operational characteristics, product
yields, and product properties may be affected by any of a number of
process variables. Since for design and construction purposes it is im
portant to know the effects of these variables, a preliminary study was
initiated for this purpose using the No. 1 Pilot Plant. The following eight
process variables were examined :
1. air-gas distributor design
2. dilution-gas composition




7. recycle gas-to-solids ratio
8. shale-bed height
All variables examined had a significant effect upon one or more of
the product properties or retort operating characteristics. The following
paragraphs present some of the more important conclusions reached:
1. Results indicated that the gas-inlet area of a distributor had a
greater effect on test results than the direction of air-gas injection,
although it was noted that the sideflow characteristics of one of
the distributors spread the combustion zone out toward the retort
wall and gave a more even combustion zone than the other two
distributors.
2. Using retort gas rather than steam as a diluent caused an increase
in oil yield; decrease in off-gas temperature; decrease in secondary
cracking of the oil; decrease in heating value of the product gas-
decrease in retorting temperatures; and increase in combustion
temperature.
3. Increasing the ratio of dilution gas-flow rate to shale-flow rate
decreased combustion temperature, decreased carbonate decomposi
tion, increased retort off-gas temperature, increased secondary
cracking of the oil, and increased the quantity of heat absorbed by
unknown endothermic reactions.
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4. Increasing the air-to-solids ratio increased the pressure drop
through the shale bed, decreased secondary cracking of the oil,
and increased the net heat of combustion.
5. Using a wider shale particle-size range caused a decrease in
carbonate decomposition, increase in off-gas temperature, decrease
in retort pressure drop, and less complete retorting of shale.
6. Increasing the rate of shale throughput increased oil yield, retort
pressure drop, and product gas heating value.
7. Increasing the ratio of recycle gas-flow rate to shale-flow rate
increased pressure drop through the shale bed, increased carbonate
decomposition, decreased the temperature of retorted shale, and
decreased temperature in the bottom of the retort.
8. Using a lower shale-bed height caused an increase in oil yield,
decrease in carbonate decomposition, increase in off-gas tempera
ture, decrease in secondary cracking of the oil, less complete re
torting of the shale, decrease in retorting temperature, increase in
heat absorbed by unknown endothermic reactions, and an increase
in percentage of the total oxygen used to burn carbon.
Although statistical analyses of the results showed that the above effects,
together with some other minor effects, have a high probability of existing,
the cause for many of the effects was not determined. Reliability of the
method of analyzing the results may be doubtful because only one test
could be made at each set of conditions before the project was terminated.
Further work would be desirable to increase the accuracy of the results
by duplicating the various tests; and studies should be extended to include
the No. 2 and No. 3 retorts. Further investigations are also needed to
determine the causes of some effects which are not understood at present.
MIST FORMATION
Perhaps the most important feature of the Gas-Combustion Process,
one that makes its successful operation possible, is control of conditions
to form a stable shale-oil mist that will remove liquid oil from the top
of the retort at a low temperature. In the retorting zone, the oil is liberated
as a vapor. As this vapor moves upward through the descending cold
shale, it is cooled to a temperature below the dew point of the oil. If
proper conditions of heat transfer are established, the gas can become
supersaturated with respect to oil, which condenses as minute droplets
directly in the gas stream rather than as a film on the shale. The oil mist
then will be carried out of the retort by the cold gas without any significant
loss by impingement on the shale particles. Relatively common devices,
such as multiclones, cyclones, electrostatic precipitators, or even high
speed gas blowers, will efficiently remove oil from the gas stream.
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Although a large amount of fundamental work has been done in
recent
years on the mechanism of mist formation, additional study is
required
to understand thoroughly its application to oil shale
retorting.
In general, it is considered that the following conditions must
be
satisfied in order to form an oil mist within a gas stream containing oil
as a vapor.
1. The mixture of oil vapor and gas must be cooled such that the gas
becomes supersaturated with respect to the oil vapor.
2. Nucleation must occur. That is, condensation of each small oil
drop must be initiated upon some kind of material that acts as a
center of starting point.
Consider the first condition. If a mixture of oil vapor and gas is
passed over a surface cold enough that the vapor pressure of the oil at the
temperature of the surface is less than the partial pressure of the oil in
the mixture, two things will happen: (1) heat will flow from the gas
stream to the cold surface, and (2) oil will condense on the surface. The
first is heat transfer whose driving force is temperature differential. The
second is mass transfer and its driving force is the difference between the
vapor pressure of the oil on the surface and the partial pressure in the
gas stream. If the rate of heat transfer is large relative to the rate of mass
transfer, the gas will be cooled quickly by the transfer to the solid but
most of the oil will remain in the gas phase because of the low mass transfer
rate. This produces supersaturation of the oil with respect to the gas stream.
These rates are a function of many variables in addition to the driving
forces noted.
Fortunately, shale oil has a relatively high molecular weight and
characteristically low diffusivity, which cause low mass-transfer-rate.
Therefore, supersaturation can be attained in the Gas-Combustion Retort
because heat transfer is rapid and mass transfer is inherently slow.
Consider next the requirement that nucleation must occur. For con
densation of a liquid such as shale oil, these nuclei can consist of almost
any kind of material. They may be naturally occurring particles of shale
dust or carbon. They may be aggregates of molecules of the oil vapor
begin condensed, or they may be minute particles of some material intro
duced deliberately from the outside. Two important considerations regard
ing nuclei are concentration and size.
The concentration of nuclei will determine the size of mist particles.
If the concentration of the nuclei is small, there will be only a small number
of points to initiate condensation, and drops will grow as cooling pro
gresses. If the nuclei concentration is high, the available amount of oil
will be divided among these numerous centers, and small mist particles
will result. To minimize inertial separation of oil in the shale bed, mist size
should be small, and a high concentration of nuclei, therefore, is desirable.
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GENERAL COMMENTS
Since oil shales are widely distributed geographically from New
Brunswick to Tasmania, Manchuria to South Africa and geologically
from the Swedish Cambrians to the Nevada Miocenes, it is not surprising
that no two oil shales, or their shale oils, are exactly alike. Differences
manifest themselves in many ways all of which have to be considered
in the
"how"
to efficiently retort oil shales to obtain a maximum yield
of useful products, whether they be liquid, solid, gaseous fuels or chemicals.
For example, Colorado oil shale, nearly twice as rich in potential oil
content as Swedish shale, has a calorific value amounting to only
two-
thirds that of Swedish shale. Yet after retorting, there remains in Swedish
shale over nine times the energy remaining in retorted Colorado shale.
Another example, some kerogens including that found in certain strata
of Colorado shale react differently during pyrolysis and develop a tendency
for pieces of shale to adhere to each other, adversely affecting solids flow.
Further, oil shales are stratified non-porous sedimentary rocks, and
although the organic material is uniformly dispersed in each strata, the
ratio of kerogen to inorganic material between different strata varies over
a wide range. This heterogeneous charge stock adversely affects the control
of the retorting process.
As each particle of kerogen in shale reaches its decomposition tempera
ture, it vaporizes and the vapor passes from the shale, leaving a void area.
As heat continues to penetrate the shale, successive kerogen particles are
vaporized and escape from the shale through pore spaces previously oc
cupied in kerogen. This counter current flow of heat and kerogen vapor
tends to limit not only the rate of heat penetration into the shale but the
diffusivity of gas to the surface. Thus, particle size becomes an item of
importance in retorting and the optimum range will be a compromise be
tween rates of heat penetration and gas diffusivity.
The chemical composition of the inorganic components of oil shale
also have a bearing on heat and temperatures requirements for retorting.
Some shales, like the Colorado shales, contain substantial quantities of
sodium and calcium carbonates which start to decompose at retorting
temperatures. Increasing temperatures during retorting increases the rate of
carbonate decomposition, which, in turn, increases heat requirements.
The natural tendencies of particles of different sizes to segregate in
moving beds and the resultant tendencies of counterflowing gases to fol
low the path of least resistance present operational problems.
These and many other problems associated with material handling,
solids flow, heat transfer, conversion reactions, and product recovery all
tend to complicate the simpleness of just "heating rock to produce
oil."
As fundamental investigations of retorting processes proceed, we will be
better able to explain today's know-how of producing shale oil and
hope-
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fully devise a new concept for recovering all the kerogen in the form
of oil.
Usually time is a speaker's best friend. Either his listeners are glad
to see it run out, or he can use it as an excuse for not more thoroughly
covering the subject.
So, in conclusion, I would like to say that while the Gas-Combustion
Process offers potential possibilities of being an economically feasible
retort, the Bureau's development work was terminated before operating
variables could be optimized and maximum economic rates and yields
demonstrated. My not mentioning retorting processes which have been
piloted by others has been an intentional oversight not because of any
advertising benefits they would have derived, but more with a hope that
such omissions would stimulate a discussion on retorting. It is my belief
that the best retort is yet to be developed and it is highly probable that a
successful commercial project may utilize more than one process.
CONVERSION OF OIL SHALE
TO REFINED PRODUCTS
Harold E. Carver
Union Oil Company has pursued an extensive oil shale development
program for many years. As a part of this program a commercial scale
demonstration plant was designed, constructed, and operated during the
period of 1955 to 1958. The plant was located at the confluence of the
forks of Parachute Creek, Colorado, among the oil shale reserves of the
Piceance Creek Basin which are oriented in Colorado as shown by Figure
1. An enlargement of the Piceance Creek Basin area showing Union Oil's
holdings is given by Figure 2. Typical topography in the area of the
demonstration plant is shown by Figure 3.
The first operations of the demonstration plant were supplied with
oil shale from a quarry strip mine at 7000 foot elevation on the side of
the mountain adjacent to the shale plant. Later an underground mine
was opened up for the dual purpose of supplying oil shale for plant oper
ation and conducting mining experimentation as background for an oil
shale mining engineering and cost study.
Concurrent with the mining and retorting program in Colorado, re
search on refining of crude shale oil was carried out at Union's Research
Center, Brea, California. The work here was conducted in pilot units,
some of which are shown by Figures 4 and 5. Additional refining as well
as mining and retorting studies have been continued at Brea to the
present date.
The scope of Union's shale program is indicated by the fact that
196,000 tons of rock were mined, both by strip and underground methods.
The retort ran at many feed rates reaching a maximum of 1200 tons per
day. The retort was onstream a total of 188 days. Union's total expendi
tures on oil shale research have now reached about $11,000,000.
As a result of its development program Union now has extensive know-
how in the conversion of oil shale by the route of mining, retorting and
refining. General progress through 1958 was reported in a series of
papers by Mr. Fred L. Hartley, now Executive Vice President, who
directed the shale program as Vice President of Research. These papers
were designated "Progress
Reports"
and are listed in the attached bibli-
Engineering Associate, Research Department, Union Oil Company of
California.
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In this paper we will review the areas of mining and
retorting briefly and discuss refining developments since 1958 in more
detail.
MINING
Union's underground mining plan at a mining location near the
shale
demonstration plant was reported in a paper given by Irvin P. Nielsen on
February 6,
1958/'
As described by Mr. Nielsen, we planned to experi
ment with the room and pillar mining method developed by the Bureau
of Mines. The location of the strata mined was at the Mahogany Ledge
as shown by Figure 6. The mine portal configuration is shown by Figure 7
and the contemplated mine plot plan is given by Figure 8.
At the termination of the Colorado project, a 30-foot by 30-foot adit
had been driven straight in 400 feet where it branched in a Y running
an additional 110 feet on each leg of the Y. The first room had just













Figure 1. Map of Colorado.
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The underground mining experiment resulted in significant improve
ments to the Bureau of Mines mining techniques. Based on this experi
ment, a detailed oil shale mining and cost report on a 50,000 ton per day
mining project was prepared. The study included mining, crushing,
screening, feed distribution to retorts, and disposal of ash.
RETORTING
The underfeed retort developed by Union has been described many
times. The unique feature of the retort is the "rock
pump"
used to push
shale upward into the bottom of the retort. Figure 9 shows the operating
principle of the rock pump. In Step 1, the rock pump takes a charge of
shale, swings over to the pumping position in Step 2, pushes the shale
into the bottom of the retort in Step 3, and swings back for another







Figure 2. Map of Piceance Creek Basin.
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Figure 3. Union oil shale demonstration plant site.
Figure 4. Unifining pilot plants.
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Figure 5. Delayed coking
pilot plant.
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Figure 6. Oil shale deposits on Union's land.
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Figure 7. Underground mine portal plan view.
The complete underfeed retort is shown by Figure 10. As the oil
shale rock is pumped upwards, it is contacted by hot gases pulled down
past the rock by blowers. These hot gases result from the burning of
residual carbon from the spent shale at the top of the retort. Upon heating
the incoming cold rock to retorting temperature and being itself cooled in
the process, the gas is withdrawn from the bottom of the retort along
with oil which has also condensed on the incoming cold rock. The spent
shale at the top continues upward, becoming an ash as residual carbon
is burned off. It spills over into a disposal chute at the top. Products of
retorting are oil, gas, and ash.
The underfeed retort proved to be a high capacity, serviceable machine.
Some of the outstanding features of the retort are :
1. High fines tolerance.
2. High thermal efficiency.
No agglomeration or fusing difficulties.
Produces disposable ash.
Uses no water.












Figure 8. Underground mine plan.
7. High capacity may be as high as 3,000 tons per day.
8. Can be automatically controlled.
The Union retort is now ready for commercial application.
REFINING
Crude shale oil produced by the Union retort and most other retorts
is a waxy, intermediate gravity, high nitrogen and intermediate sulfur
crude. A comparison of typical crude shale oil with a California heavy
crue such as Santa Maria crude is shown by Figure 11. The high
nitrogen content of this shale oil presents a difficult refining problem.
As produced, there are very few refineries equipped with sufficient
nitrogen removal capacity to run crude shale oil.
In order to up-grade crude shale oil to the point where it is equivalent
to high grade petroleum, wax must first be removed or cracked to lighter
fractions to produce a pumpable oil. Then sulfur and nitrogen levels
must be reduced because of their deleterious effects on catalysts and
products. When these two objectives have been accomplished we have
available a high grade crude which we have termed "commercial shale
oil."
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STEP 3 STEP 4
Figure 9. Operating principle of rock pump.
A refinery process scheme for producing commercial shale oil from
crude shale oil is shown by simplified block diagram, Figure 12. The
processes used here are delayed coking to reduce pour point, and
Uni-
fining of full range distillate to reduce nitrogen and sulfur content.
Product yields for a case producing 25,000 barrels per day of commer
cial shale oil are given by Figure 13. Properties of commercial shale oil
compared to a high quality Utah crude from the Aneth field are shown
in Figure 14. The two oils are very similar in the properties shown.
If desired, pour point, nitrogen, and sulfur levels of commercial shale oil
could be reduced more by adjusting refinery operating conditions.
Commercial shale oil could be produced at a refinery located near a
retorting plant in Colorado. The finished oil could then be transported
by pipeline to refining centers in the Salt Lake area, the midwest, and
the west coast. The oil is fully compatible with crude petroleum from a
blending and transportation standpoint.
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Figure 10. Union oil shale
retort.
FIGURE II
COMPARISON OF TYPICAL CHARACTERISTICS OF
RAW SHALE OIL a CALIFORNIA HEAVY CRUDE OIL
CHARACTERISTIC
GRAVITY, API AT 60F
POUR POINT, F
VISCOSITY, SSU AT I22F
SULFUR, % BY WEIGHT
NITROGEN, % BY WEIGHT
SANTA MARIA
RAW SHALE OIL VALLEY CRUDE OIL
21 14




COKE YIELD, % WT OF
TOTAL FEED (TYPICAL) 10 15
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FIGURE 12.



































Assuming that a refiner has commercial shale oil available at his
refining center, conventional processes of thermal or catalytic cracking,
Unifining, Unicracking-JHC, reforming, alkylation, and treating can be
applied to produce LPG, gasoline, stove oil, jet fuels, heating oils and
diesel as dictated by market demands. One possible refining scheme based
on a commercial shale oil feed of 25,000 barrels per day and employing
fluid catalytic cracking as the basic means of molecule size reduction is
shown by Figure 15.
In this scheme, primary distillation is applied to separate the com
mercial shale oil into the following cuts: C4's, C5-C6, naphtha, stove oil,
diesel, and gas oil cracking stock. The C4 cut contains some isobutane
and butylene and therefore goes to alkylation. The C5-C6 fraction has
high enough octane to blend directly into gasoline. The naphtha cut is
Unifined and reformed to the desired octane for gasoline blending. Enough
hydrogen is produced by naphtha reforming to supply the Unifining
hydrogren consumption. The stove oil cut is produced directly from
primary distillation.
In the fluid catalytic cracking unit, conversion of the gas oil cracking
stock is adjusted to the level required by cycle oil demands for diesel
production. The resulting yield of C3-C4 from catalytic cracking goes
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FIGURE 14
COMPARISON OF CRUDE SHALE OIL, COMMERCIAL
SHALE OIL AND ANETH CRUDE PROPERTIES
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to the alkylation unit and C5-C6 goes directly to gasoline blending. The
naphtha from catalytic cracking has adequate octane level for blending
into the gasoline pool. A small amount of catalytic slurry oil goes to
refinery fuel.
Alkylation of isobutane with butylene and propylene is applied in this
scheme to increase gasoline yield and reduce LPG production. The
alkylate produced is a typical high octane gasoline blending stock. A por
tion of the excess butane from the fractionation section of alkylation is
blended into gasoline. The remainder of propane and butane is produced
as LPG.
Product yields from the above fluid catalytic cracking case are given
in Figure 16. If desired, high quality JP-4 and JP-5 jet fuels could be
drawn from primary distillation of the commercial shale oil reducing,
of course, the yields of other middle distillates. Heating oils could be
produced by distillation of diesel stock.
Estimated product properties including JP-4 and JP-5 jet fuels are
shown by Figure 17. All products have excellent characteristics meeting
military grade specifications with the exception of the diesel which is
slightly low in cetane number. This is caused by the use of catalytic cycle
oil in the diesel blend. Gasoline octane numbers meet Pacific Coast
requirements projected five years into the future.
FIGURE 16
PRODUCT YIELDS FROM REFINING OF
COMMERCIAL SHALE OIL
FLUID CATALYTIC CRACKING CASE
FEED
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FIGURE 17
PRODUCT PROPERTIES FROM REFINING
OF COMMERCIAL SHALE OIL
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The most recent advance in refining technology is the application of
hydrocracking to the reduction of molecular size. In the refining of com
mercial shale oil, this process, as represented by the Unicracking-JHC
development, can be substituted for fluid catalytic cracking to give the
most modern refinery technology now available. A refinery scheme based
on this premise is shown by Figure 18. To give a direct comparison with
the fluid catalytic cracking case, the same quantities of stove oil and
diesel are produced. In this scheme, gas oil from distillation is fed to
a Unicracking-JHC unit which can convert the entire gas oil feed to
gasoline and lighter products. As shown, hydrogen must be manufactured
for the Unicracking-JHC unit. Reforming of both the naphthas from
distillation and the C7+ Unicrackate is required to meet gasoline octane
requirements. Production of C5-C6, both from distillation and Unicracking-
JHC, can be blended directly into the gasoline pool. Excess butane over
the gasoline blending requirement is produced as LPG. Alkylation is not
included in this refinery because butylene and propylene are not produced
in significant quantities.
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Product yields from the above Unicracking-JHC case are given
in
Figure 19. Again, if desired, high quality JP-4 and JP-5 could be
drawn
from primary distillation of the commercial shale oil, and heating
oils
could be produced from diesel stock.
Estimated product properties are shown by Figure 20. A significant
improvement in diesel cetane number is obtained by this case in compari
son with fluid catalytic cracking and gasoline F-2
octane numbers are
somewhat higher. Other product properties are the same, and all products
meet military grade requirements.
If desirable, the Unicracking-JHC refining scheme could be adjusted
to eliminate production of middle distillates and produce maximum gaso
line. The refining scheme would then be revised as shown by Figure 21.
On this basis, yields of products would be as shown in Figure 22. Gaso
line yield in this case has been increased to 93 volume percent of com
mercial shale oil feed. Properties of gasoline products would be the same
as shown previously in Figure 20.
Early in 1961 Union Oil and American Gilsonite Company demon
strated conclusively that shale oil can be refined commercially. At that
FIGURE 19
PRODUCT YIELDS FROM REFINING OF
COMMERCIAL SHALE OIL
UNICRACKING-JHC CASE (PRODUCE MIDDLE DISTILLATES)
FEED






time most of the remaining 20,000 barrels of crude shale oil inventory at
Union's shale demonstration plant was run through American Gilsonite's
refinery near Fruita, Colorado. The products were marketed by American
Gilsonite through marketing outlets in the Grand Junction area.
The American Gilsonite Refinery has been discussed adequately in
several
publications.7'8'910 The basic processes reported for the refinery
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FIGURE 20
PRODUCT PROPERTIES FROM REFINING
OF COMMERCIAL SHALE OIL
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are delayed coking, thermal cracking, gasoline hydrogenation and catalytic
reforming, light gasoline sweetening, and coke calcining. All of these
operations were successfully applied to shale oil in the refinery test run.
With Union's complete technology of mining, retorting, and refining
ready for commercial application, one might well ask what is holding back
the development of an oil shale industry. Two very important deterrents
at present are: (1) long range uncertainty of Federal import control
policy on petroleum, and (2) lack of favorable definition of depletion
allowance.
It should be quite obvious that if imports to the coastal areas and
from Canada suddenly increase disproportionately after a shale industry
is started, the embryo shale industry would be placed in a severe competi
tive bind. Unlimited cheap foreign crude imports would make shale oil
as well as a large percentage of domestic crude oil production noncom
petitive. What is needed is assurance that shale oil production will face
a stable economic environment in which it can share in the spectrum
of raw materials for our future energy needs.
The current definition of depletion allowance by the Bureau of Internal
Revenue is that a depletion of 15 percent would apply to oil shale as mined.
Since mined oil shale has no value except as feed to retorts, the potential
producer of crude shale oil must establish this value and then must com
pete with both foreign and domestic crude oil which receives 27% percent
depletion. If "in retorting were to be employed and the resultant
retorted oil recovered from a well bore, the oil would qualify for the 27%
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percent depletion allowance. This obviously is not logical and yet to date
all efforts to change or clarify the law have failed. It is probable that a
large shale oil plant would already be in operation if tax treatment had
been made equivalent to that afforded conventional crude oil production.
We must emphasize again the need for favorable governmental action on
depletion to help open up the liquid oil resource now locked in oil shale.
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PRODUCT YIELDS FROM REFINING OF
COMMERCIAL SHALE OIL
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The process by which shale oil might be produced by retorting the
oil shale in place using wells as in conventional petroleum recovery
we have chosen to call underground retorting. One method for doing
this is illustrated in Figure 1. Wells are drilled to the shale bed and a
horizontal fracture created between wells to provide a path for injected
and produced fluids. A burner is operated in the injection well to start
combustion in the shale bed. The burning zone then is moved outward
from the injection well at a controlled rate while heat flows by conduc
tion from the burning zone to adjacent oil shale. The hydrocarbons
produced by pyrolysis flow into the stream of gaseous combustion prod
ucts and are swept through the fracture system into producing wells.
The apparent simplicity of the concept is misleading. Very complex
heat transfer problems are involved. The pyrolysis reactions of kerogen
under the conditions of in-place retorting need to be defined. The effect
of the thermal environment through which the products of pyrolysis must
travel to reach a producing well is of equal concern. The engineering
problems of ignition and combustion control also are formidable. Unfor
tunately, relatively little of the information available on aboveground
retorting can be applied to the underground process.
Concern with in-place retorting and its problems is justified at this
time. Over most of the Piceance Basin the oil shale lies at depths that
make mining expensive. Moreover, in-place retorting may produce shale
oil cheaper than mining and aboveground retorting.
FIRST FIELD TESTS
Sinclair began studying the feasibility of retorting oil shale under
ground after successfully starting thermal recovery in a conventional
reservoir. Experiments to test burning in oil shale were conducted during
the summers of 1953 and 1954. The site was on a narrow steep-walled
promontory, called Haystack Mountain, which overlooks the Parachute
Creek Valley. The Mahogany Ledge beds could be reached with shallow
drill holes. Figure 2 shows the experimental holes used in the tests.
Technical Manager, Tulsa Research Center, Sinclair Research, Inc., Tulsa,
Oklahoma.
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Well No. 1 was drilled to a depth of 290 feet into the Mahogany
Ledge. Casing was run to 287 feet and cemented, leaving three feet of
the 3%-inch hole open. Attempts were made to fracture from this well
to the outcrop. An air injection rate of 4.2 MCFH (thousand cubic feet
per hour) was developed. The well plugged during ignition and remained
idle during the rest of the 1953 season.
Two shallow wells (No. 2 and No. 3), 16 feet apart, were drilled to
a depth of 122 feet and bottomed in a 2-foot bed of 45 gallon-per-ton
shale. In each hole, casing was set to within a few inches of bottom and
both wells were fractured with air. The fracture from Well No. 2 ex
tended to the outcrop where air could be seen flowing from a point
twenty feet above the level of the fracture in Well No. 2. The two wells
were interconnected through the fractures. Ignition attempts on each
well failed. As the shale was heated by burning in the well bore, the
injection capacity dropped to a negligible value. There was no evidence
that the shale had ignited during the short periods of burner operation.
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Well No. 4 was drilled at an angle of 30 degrees from the vertical
toward the outcrop. The bottom of the hole was 75 feet away from the
outcrop at an apparent depth of 322 feet or 276 feet below the level of the
site. Casing was cemented seven feet above the bottom of the hole.
Several fractures were encountered during drilling, including one in the
uncased section. Initial air injection capacity was 15 MCFH at 290
psi.
Shooting the open section with 12 shaped charges did not improve
injec-
tivity. When the well was fired, injection pressure rose to 380 psi and
abruptly dropped to 10 psi. Thereafter the burner was operated in the
well bore for seven days. Burner feed rates were about 100 CF of propane
and 12 MCF of air per hour at a wellhead pressure of 10 psi. After seven
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50 MCFH. Eleven days after firing started, vapor, gas and steam issued
from the outcrop at the point nearest Well No. 4. These
emissions
increased to cover a horizontal distance of 60 feet. Gas samples from the
outcrop contained as much as 16 percent C02 and 3.5 percent CO with
negligible oxygen. Incandescent spots could be seen in the fractures and
a thermocouple in the issuing vapor stream measured
350 F. Oil was
seen dripping from the fractures but was immediately absorbed on the
weathered outcrop surface and could not be collected.
Twenty days after firing, injection was stopped and the well blown
down. Small amounts of a 36-degree API oil were condensed during the
blow down. The well was capped and the 1953 experiments ended.
1954 Season
In the Spring of 1954, Well No. 1 was cleaned and deepened to 310
feet in 35-gallon-per-ton shale. Injection capacity of the well was in
creased to 11.5 MCFH at 195 psi. Wells No. 5 and No. 6 were drilled
early in 1954 to the same shale bed exposed in No. 1. Fractured zones
were found below the Mahogany marker in both wells No. 5 and No. 6
and a small proportion of the air injected into No. 1 was produced at
each well without induced fracturing. Well No. 4 produced 30 percent
of the air injected into No. 1 so the 1954 test pattern utilized No. 1 as the
injection well and Wells No. 4, No. 5 and No. 6 as producing or sample
points. All of these holes were connected with or through the natural
system of joints and fractures in the Mahogany Ledge.
Well No. 1 was equipped with a gasoline burner and lighted. Burner
tip temperature was not allowed to exceed
1700 F but within 3% hours
well pressure built to 1000 psi with only 2 MCFH air being injected.
Twenty minutes later pressure increased to 2500 psi then abruptly dropped
below 10 psi. The fire was lost so the burner was pulled and repaired.
On July 8, 1954, the well was relighted. For five days the burner
generated 100,000 BTU/hr. with an air injection rate of 10 MCFH. Well
pressure fluctuated widely during the first few days and then stabilized at
50 psi. At the end of the firing period, gas from the offset holes No. 4,
No. 5 and No. 6 contained 3 to 12 percent C02, 9 to 12 percent CO, and
zero to 3 percent 02. The heating value varied from 125 to 155 BTU.
After discontinuing use of the burner, air injection was increased to 36
MCFH. Three weeks later the oxygen content of gas produced from No. 4
had increased to 4.5 percent and then injection was changed to 26 MCFH
air plus 6 MCFH of gas recycled from hole No. 4. Oxygen content of gas
from hole No. 4 dropped to 3.5 percent and remained at that value while
heating varied from 125-150 BTU. Only trace amounts of oxygen were
measured at holes 5 and 6. Gas from No. 5 contained 12 to 15 percent
C02 and little CO whereas No. 6 gas usually contained 5 to 12 percent
CO and 1 to 5 percent C02.
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Oil and water were produced erratically in small amounts from Well
No. 5. Both No. 5 and No. 6 had been completed in fractured zones. To
increase production, No. 5 was deepened to 415 feet. Water was injected
into the holes to bring oil within reach of the pump installed in No. 5
but liquid could not be consistently raised to that height.
Injection to Well No. 1 was stopped on October 12, 1954, and the
test work ended. The oil recovered over the test period was uniform in
gravity and appearance, and was not viscous. Analysis of a typical sample
is given in Table 1.


































From the 1953-54 tests it was concluded that:
Communication between wells could be established at the test site by
induced and natural fracture systems.
Wells could be ignited successfully although high pressures were re
quired to maintain injection during the heating period.
Combustion was established and maintained in the shale bed. Oxygen
utilization was high.
The test site could not be used for quantitative evaluation of under
ground retorting because of the naturally occurring
fracture systems in
the shale bed.
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The demonstration that burning could be maintained in shale
was
encouraging and the test experience brought out some of the
problems
inherent in underground retorting.
PRESENT STATUS OF PROCESS
Since the preliminary tests at Haystack Mountain, laboratory and
theoretical work have been done on some aspects of the process. Our
current thinking is discussed in terms of the process steps which must be
taken.
Well Fracturing
Oil shale generally is impermeable. However, near the outcrop, joints
and fractures have been opened by slumping and weathering. In the
interior of the Piceance Basin where underground retorting is most likely
to be used, solution by ground water has created permeable zones. While
these may provide adequate communication between wells, we believe
creation of horizontal fractures between wells will allow us to :
Select the bed to be retorted.
Program retorting to successively handle all commercial beds in a
thick section.
Provide a more desirable configuration for heat flow than would
vertical or random fracturing.
We believe the probability for achieving controlled horizontal frac
turing is high. Horizontal fractures apparently were obtained at holes
No. 1, No. 2 and No. 4, at the Haystack test site.
Well Firing
Wells were successfully fired in the Haystack tests but a great deal of
time was spent in burner design. Reliable lighting techniques have since
been developed and are used routinely with burners which can be closely
controlled. No difficulty is anticipated with firing equipment.
The reaction of the shale itself at firing temperatures is expected to
be a problem. At Haystack, expansion of the shale during firing so
decreased injection capacity as to require burner operation at pressures
above that of the overburden. The problem should be overcome by pro
viding high pressure booster equipment during firing.
Heat Flow in Shale
The volume of shale which can be retorted from a single fracture
system and the well spacings required, depend on the rate and pattern of
heat flow in oil shale. Heat flow also governs the process thermal effi
ciency the ratio of heat effectively used in retorting to total heat
generated. Oil shale has a very low thermal conductivity about that of
common brick yet conduction is expected to be the principal mechanism
of heat transfer from the burning zone.
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To study this aspect of the process, a mathematical model was used
to estimate the movement of the retorting isotherm (taken to be
800 F).
It was assumed that the temperature source (burning zone) was confined
to the fracture and heat generated at 1,500,000 BTU hr in the fracture
with temperature held at
2000
F.
The importance of learning thermal properties of oil shale under con
ditions of in-place retorting is evident from the large difference between
the two curves plotted in Figure 3. For one, it is assumed that conduc
tivity is constant regardless of temperature and the vertical and horizontal
penetrations of the isotherm are predicted to be nearly equal. A tempera
ture-dependent conductivity is used in the second case and vertical pene
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Under field conditions particularly if the operation requires high
pressures volumetric conformance and thermal efficiency can differ
significantly from model predictions. The burning zone probably will
expand to more closely follow the retorting isotherm and shorten
heat
transfer distances. In addition, convection may become significant. To
illustrate, shale retorted under simulated overburden pressures in the
laboratory does not spall or crack as it does at low pressure. Instead, a
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consolidated rock having high porosity and low permeability
remains
after pyrolysis of the kerogen. Bulk volume is greater than in the unre
torted state. It is possible that some of the injected air will move through
this permeable matrix of spent shale to more fully utilize the fuel content
of the spent shale and accelerate heat transfer to raw shale over the rates
computed from the mathematical model.
Retorting Efficiency
The oil yield to be expected from underground retorting still is unde
fined. The svstem of fractures originally created in the shale must serve
as the flow path for any fluids produced by retorting. Some or all of
these fluids must pass through high temperature zones to reach the frac
tures. Whether the residence time and temperature levels will be sufficient
to induce severe cracking and cause excessive reduction in oil yield is of
critical importance to the process. Definitive data on temperature and
flow distribution under field conditions is lacking so we cannot expect
to evaluate reliably oil yield in the laboratory.
The laboratory, however, has been called on to measure oil yields of
simplified systems. For example, 4-inch cylinders of 30-gallon-per-ton
shale were packed in a tube and preheated air introduced. Tube pressure
was kept at 500 psi while combustion progressed along the shale cores.
Yields of several runs varied from 35 to 45 percent of the Fischer assay.
Oil produced was
30-32
API with a viscosity of 2.5 centipoises and pour
point at F.
These results are encouraging but only field tests will provide meaning
ful evaluation of the oil recovery possible from underground retorting.
SINCLAIR'S PRESENT PROGRAM
Summarizing, we believe the mechanics of well fracturing and firing
can be accomplished with presently available techniques. The Havstack
Mountain tests proved that combustion can be maintained in oil shale.
We need confirmation, under field conditions, of heat flow patterns and
retorting yields.
Sinclair therefore has resumed field experimental work on underground
retorting. An extensive program is planned at a new site in Rio Blanco
County, Colorado. We believe the possibility is good that shale oil may
be produced profitably by this process.
SOME CHARACTERISTIC PROPERTIES OF COLORADO




There are excellent reasons for trying to develop practical in situ
techniques for processing oil shales. In conventional processing, as high
as 80 percent of the material mined must also be disposed of as the inert
inorganic portion of oil shale. This presents a costly materials handling
problem. In addition, as much as 25 percent of the oil shale in place will
be left behind as pillars in the mines. Another important consideration
is that the rich, thick shale deposits are found under considerable over
burden and not readily amenable to mining.
There are unique problems and requirements that restrict the use of
known in situ processes to oil shales. Among these considerations are
such facts as :
a. Oil shale does not contain oil, as such, but is a marlstone of finely
divided particles consolidated into rock with a solid insoluble
organic matter called
"kerogen."'
b. The only known technique for forming and liberating oily matter
from shale is bv first heating it until the solid organic matter
decomposes into oil. gas. and a solid carbonaceous residue.
c. Oil shale deposits in their natural state have little or no initial
permeability to gases and liquids.
The major problem is the lack of permeability and porosity. However,
it should also be kept in mind that oily matter, as such, does not exist in





to convert the solid organic matter to useful recoverable products. In an
oil reservoir, most of the oil would have been distilled away from the
combustion zone before these temperatures are reached.
These characteristics of oil shale require from in situ processing, first,
some method of introducing permeability into the formation, and second,
a method of heat injection that will cause pyrolysis of the organic matter
Manager, Analytical Department, Marathon Oil Company, Denver Re
search Center, Littleton, Colorado.
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in oil shale to yield useful products. With the assumption that the problem
of permeability can be solved by explosive shattering or comparable tech
niques, underground combustion could be a practical method of heat
injection.
Two general techniques for underground combustion are well known.
These are the forward or cocurrent combustion and the reverse or counter-
current combustion processes. Schematically, they are shown in Figures
1 and 2.
In the conventional or cocurrent process, the combustion front moves
with the gas stream. Such a process is attractive in that heat is conserved
by the injected air stream being preheated in passing over the burned-out
zone, and by the produced oil and the products of combustion preheating
the zone ahead of the front. The less desirable heavy residual organic
matter not distilled at the temperatures ahead of the combustion zone is
consumed as fuel.
A disadvantage to this process is that sufficient oxygen must be
supplied to burn all of the fuel in the path of the advancing front.
Another disadvantage is that heavy, viscous or waxy oils are rapidly
cooled to the ambient formation temperature in advance of the front and
may cause fluid blocking and loss of gas permeability.
The cocurrent in situ combustion process has been considered as a
method for in situ processing of oil shale. One such process was patented
early in
1957.1 This was a logical development, since there is a striking
similarity between the conventional underground combustion process and
the successful internal combustion oil shale retort. In fact, upon exami
nation it is soon apparent that the major difference between the cocurrent
combustion process in an oil reservoir and the conventional retorting of
oil shales is that permeability and porosity which did not exist initially
have been obtained in mining and crushing the oil shale. If the oil shale
deposits had the permeability and porosity characteristics of the rock in
a good crude oil reservoir, in situ recovery of shale oil would be greatly
simplified.
In the reverse or countercurrent combustion process the front moves
in a direction countercurrent to the flow of gas. In this case there is little
or no preheating of the injected gas stream, also, little or no recovery
of heat behind the front: so that, after treatment, the formation remains
at an elevated temperature. For this reason, such a process does not make
the most efficient use of available heat. Further, the oxidation process
consumes valuable light hydrocarbons rather than the residual carbon
which is left behind on the treated material. An advantage of this process
is that the oily products are maintained at an elevated temperature and
flow freely to production wells.
Some shale oils, such as those produced from Colorado oil shales by
conventional techniques, have high pour points (ca
80-90
F). These
oils, if produced by the cocurrent in situ process, would probably solidify
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ahead of a front when the ambient temperature of the formation was
below the pour point temperature, thus blocking the permeability paths
in the formation. For this reason, it appears that the countercurrent
technique has considerable potential for application to Colorado oil shale.
Some of the other features of this process are :
a. Shale preparation can be simplifed, since the degree of fracturing
to obtain gas permeability is less than that required to obtain
liquid permeability. Further, the spent shale is more porous and
has increased permeability. These latter properties should assist
the flow of the hot combustion gases and crude shale oil to the
production facilities.
b. No visbreaking to produce a usable shale oil will be required, since
the oily products are generated at or near the combustion front
and are maintained at about the front temperature. These tempera
tures are high enough so that in situ coking of the oil results.
Mild coking gives a higher grade shale oil with improved pour
point and API gravity which would be easier to produce and
should be capable of pipeline transport without further treatment.
(However, it is not known what effect prolonged exposure of
perhaps several months at these temperatures will do to the shale
oil.)
c. Common with other in situ processes, the costly material handling
steps of mining, crushing, retorting, and disposal of spent shale
will be eliminated.
It is the purpose of this paper to present some of the characteristic
properties of Colorado oil shale which will affect in situ processing con
siderations. In addition, some results of high pressure laboratory experi
ments are reviewed.
PERMEABILITY CONSIDERATIONS
Oil shale in place has little or no measurable permeability. Probably
more than any other single factor, the ultimate success of in situ processing
will be dependent upon developing procedures for getting satisfactory
permeability in the formation. It is assumed that this will ultimately be
possible. Some techniques under consideration for the massive fracturing
required are explosive blasting (nuclear or conventional), hydraulic
fracturing, electro-fracturing, and combinations of fracturing and leaching.
For processes, such as countercurrent combustion, some permeability
advantage is gained by the organic matter being extracted in a zone to the
rear of the front. The gaseous products, therefore, enjoy the increased
permeability of the spent
shale. In addition, if sufficiently high tempera
tures are reached, carbonate mineral decomposition will give additional
permeability and
porosity.
52 Quarterly of the Colorado School of Mines
However, permeability of spent shale can be surprisingly low. Figure 3
shows typical permeability behavior of shale after it has been slowly fired
to various temperatures. Vertical permeability (normal to bedding planes)
remains extremely low as would be expected from the laminar nature of
the shale. Horizontal permeability is considerably higher but is still very
low (ca 30-40 md). An additional factor for consideration is that shale
tends to expand on heating. This could possibly eliminate or seriously
reduce the permeability formed by the preliminary preparation of the
shale beds.
Since there is a significant quantity of mineral carbonate in the shale,
it was thought that acid leaching could be used to improve the perme
ability once initial fractures had been established. This, however, is not
necessarily true. A series of experiments in which small (%-inch diameter)
cylinders of oil shale were immersed in 10 and 20 percent solutions of
HC1 and HoS04 showed that in a period of 21 days there was no detectable
attack on the shale by the acids. On the other hand, similar samples
which had been slowly fired to
1000
F rapidly disintegrated to a fine
silt when placed in the acids. This indicates that common mineral acids
will probably be of little use in developing permeability in the raw oil
shale, but could be useful in removing fired shale to enlarge permeability
paths or form chambers for preparation of in situ retorts.
SPONTANEOUS IGNITION TEMPERATURE
A knowledge of the ignition characteristics of oil shale is of importance
not only in getting the combustion process started, but also even more
important in developing an understanding of the countercurrent combus
tion processes.
As previously indicated, in this process the combustion zone must
progressively move toward the source of oxidant injection. Further,
the zone must move at such a rate that only a minimum amount of fuel
is consumed. One explanation of why the process actually works is based
on the fact that the shale upstream from the combustion zone must be
progressively heated to its ignition temperature before the front can move.
That is, as ignition on a given surface occurs, it is accompanied by an
exponential increase in temperature which, in turn, causes a similar
increase in combustion (oxidation) rate. This has the net effect of
removing the oxygen from the gas stream rapidly and efficiently so that
no further oxidation at that point takes place. Concurrently, part of the
heat generated is transmitted upstream both by radiation and conduction.
This, in turn, raises a new surface to its ignition temperature. By such
a means the ignition front, as well as the combustion zone, can effectively
move upstream countercurrent to the gas flow.
An ignition temperature below the oil education temperature is desir
able since this will result in the oxidation zone moving ahead of the
region in which most of the shale oil is produced.
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Spontaneous ignition temperatures of Colorado oil shales in oxygen
containing gas streams of varying concentration have been determined
for
the pressure range of atmospheric to 1000 psig. These self-ignition
temperatures were found to be primarily a function of oxygen partial
pressure and largely independent of the total pressure. Ignition tempera
tures were determined in a flow-type system so that conditions similar
to those in combustion processes would be simulated.
The equipment used is shown in Figure 4. It consists of a small
"Inconel"
block furnace containing two one-half inch holes. One hole
contains the sample and the other is filled with an inert reference material.
Alternate junctions of six chromel-alumel thermocouples are located in
the two holes to form a sensitive thermopile detector. Ignition is charac
terized by a rapid temperature rise; therefore, a differential thermopile
can be used to detect the temperature at which combustion occurred.
Advantage can also be taken of the fact that ignition is also accompanied
by the simultaneous release of considerable carbon dioxide. In which
























Figure 4. High pressure differential analysis equipment for determining spon
taneous ignition temperature of oil shale.
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temperature with a differential thermal conductivity cell. Both techniques
were used in our experiments and proved equally effective.
Determinations were made in air and in gas mixtures of oxygen and
nitrogen over a pressure range from atmospheric to 1000 psig. The gas
mixtures contained 6, 13, 21 and 55 percent, by volume, of oxygen.
Ignition temperatures as a function of oxygen partial pressure for
data covering several oxygen concentrations in the gas stream are shown
in Figure 5. (Note: These data are plotted with the square root of the
oxygen partial pressure as a coordinate so that the scale could be expanded
on the low pressure end and still extrapolated to zero. Plotting the square
root has no other significance.) From these data it is readily observed
that the ignition temperature is relatively independent of total pressure
but strongly dependent on the oxygen concentration.
Other data showed that the rate of supplying oxygen has little or
no effect on the ignition temperature so long as an excess is present for
the combustion reaction.
The question arises why oil shales ignite at such low temperatures
when destructive distillation of the shale oil does not occur until tempera^
tures in excess of
700
F are reached.
This question can possibly be answered by considering that Colorado
oil shale has from one to three percent by weight (about ten percent of





Gases being evolved in this temperature range have been analyzed
(Table 1). These analyses show that methane starts being evolved in
detectable amounts at about
360
F. Other flammable gases are also
evolved in this temperature range. The evolution rate reaches significant
quantities at about
600
F, which is about the normal ignition temperature
Table 1. Typical gas analysis (dry-air free)
Composition Temperature (F)
(percent by volume) 300 350 400 500 600 650
Carbon dioxide(a) 94 96 97 94 78 71
Carbon monoxide 2.5 2.4 2.3 3.3 12 10
Nitrogen 3.7 1.5 0.1
Methane 0.2 0.5 2.6 8.5 12
Ethane/Ethylene Tr 0.04 0.3 1.0 3.5
Propane Tr 1.4
Propylene Tr 0.5
n-Butane Tr 0.2 0.5
i-Butane Tr 0.1 0.2
Butenes Tr 0.5 1.0
n-Pentane 2.0
i-Pentane 1.0
(*) CO2 by difference and will include H2 and H2S.
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in air at atmospheric pressure. The presence of high concentration of
carbon dioxide and water seem to indicate that considerable decarboxyla
tion is proceeding at these temperatures. The reason for significant
amounts of carbon monoxide is not known.
An interesting set of ignition data were obtained using air. These
results are given in Figure 6 and show a rather abrupt change in ignition
temperature between pressures of 50 and 100 psig. These data when
plotted as a function of its oxygen partial pressure (fig. 7) show the
nature of this transition region clearly. Many will recognize this to be
a curve similar to that characteristic of "cool
flame"
oxidation observed
in ignition studies for many hydrocarbons. For example, Figure 8 shows
these oil shale data plotted with ignition curves for n-octane, i-octane, and
propane (2, 3). Naturally one would not expect the data to coincide
with these particular hydrocarbons, but the similarity of the shape of the
curves and the temperature range is striking. It does, however, give
evidence that the shale ignition is probably associated with gas phase
combustion of light hydrocarbons as they are distilled out of the oil shale.
Further, a detailed study of the oxidation of oil shale under temperature
conditions below
600
F and oxygen pressure from 2 to 20 psi should
make an interesting research project in that it may be possible to form
useful oxygenated compounds.
TIME-TEMPERATURE CONSIDERATIONS
Time-temperature relationships for the distillation of oil from the shale
are also important in understanding the combustion processes. Such
relationships have been investigated by others (4, 5). However, in order
to better understand their relationship to the countercurrent process, a
rather detailed evaluation was carried out.
In this particular investigation a recording thermobalance was used
to study the eduction of oil from shale (fig. 9) . This is commonly
known as thermogravimetric analysis (TGA). In operation, the sample
is suspended inside the furnace and heated in a controlled atmosphere.
The weight loss is recorded both as function of time and temperature by
a two-pen recorder.
Several TGA techniques can be used to study the oil extraction from
the shale. For example, placing a sample in a cold furnace and heating
slowly gives data where heat transfer rates do not control the rates for
production of gas and shale oil. An example of data so obtained is shown
in Figure 10. These data show that temperatures of about
700
F are
required to get appreciable evolution of oil, and further, that tempera
tures of
900-950
F are required for efficient separation. These are in
accord with the observations of others (4, 5) .
In Figure 11 the slope (differential weight loss with temperature) of
the curve from the preceding figure is given as a function of temperature.






























































Figure 7. Spontaneous ignition curve for Colorado oil shale.
This curve delineates temperatures at which volatiles are evolved at a
significant rate. This figure shows quite clearly that the shale oil extrac





F being required to get the maximum rate. The
significance of the peak in the
400-600
F temperature range corresponds
to the spontaneous ignition region as previously discussed.
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Figure 8. Spontaneous ignition curves for selected hydrocarbons and Colorado
oil shale.
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Figure 9. Experimental setup for thermogravimetric analysis of oil shale.
Another TGA technique useful for studying kinetics of shale oil and
gas production is that of following weight change in a preheated furnace
of a layer of finely powdered shale held in a thin aluminum foil sandwich.
In this situation, heat transfer should be quite rapid compared to the rate
of the organic decomposition. In which case, the rate of pyrolysis of
solid organic matter to volatile material becomes the rate determining
step.
Figure 12 shows differential weight loss curves obtained for a series
of experiments using this technique at several temperatures. As expected,
these curves showed an exponential rate increase with temperature. Fur
ther, assuming the peak height is proportional to a reaction rate constant,
a plot of reciprocal temperature vs. logarithm at peak height to determine
the energy involved can be made. From the slope of such a plot, the acti
vation energy was determined to be 16.5 Kcal.
Still another TGA technique is that of placing plugs of shale in a
pre-heated furnace and allowing both unsteady state heat transfer and
decomposition to effect the rate of evolution of volatile matter from the
shale. This relationship probably approaches the situation in the counter-
current combustion process and can be used to estimate the time required
















Colorado Oi 1 Shale
Cylinder 1.0 inch Dia.
X I.I inch Long
400 500 600 700 800
TEMPERATURE F
900
Figure 10. Effect of temperature on the extraction of shale oil and gas from
Colorado oil shale.
to extract oil from shale at various temperatures. Figure 13 shows time-
temperature relationships required for 95 percent of the volatile matter
to be evolved from %-inch diameter plugs. These data show that even
for relatively small shale particles, several minutes are required at tem
peratures of
900-1000
F to give a reasonable separation of oil from shale.
The time required to devolatilize a given piece of shale in retorting or for
treatment of a slab in in situ processing will be an important considera
tion. The TGA technique appears to have some merit in developing this
information.
Undoubtedly, heat transfer and the organic decomposition are closely
related and both affect the time required to extract the oil from a given
particle or block of shale. Experiments designed to relate the movement
of a heat front or temperature transient, as determined by thermocouples
placed in the shale, with the volatile weight loss by TGA, have also been
carried out. In such experiments, it was not possible to carry out these
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Figure 11. Differential weight loss versus temperature for plug of oil shale heated
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Figure 12. Differential weight loss curves showing the relative rate at which Colo
rado oil shale decomposes at various temperatures.
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Figure 13. Time-temperature relationships for production of 95% of the shale oil
and gas from %-inch diameter oil shale cylinders.
measurements simultaneously, so the temperature transient was measured
in one plug and the weight loss in another. That is, similar samples were





by placing thermocouples at the surface and center of the
sample. Both were subjected to the same conditions of heat treatment.
Data obtained in one such experiment are summarized by the curves
shown in Figure 14.
The differential weight loss data (Curve A) show peaks comparable
in many respects to those of Figure 11. In fact, peaks comparable to the
initial peak have been observed in repeated experiments to coincide closely
with that noted for the volatile matter produced in the temperature range
300-600
F. The peak is clearly present even when using samples as small
as one-half inch and as large as two inches in diameter. A possible expla
nation of this peak is that a relatively low temperature heat zone moves
rapidly through the shale causing the volatilization of the low temperature
fraction of the shale previously discussed in connection with the ignition
Colorado Oil Shale and In Situ Processing 65
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data. It is also suspected that little or no shale oil is produced during
this time, since the entire sample tends to remain in this temperature
range during this period of evolution, even though the thermocouple at
the surface rapidly approaches the furnace temperature.
During the shale oil production phase
(750-1000
F), the temperature
at the center of the block seems to increase in regular manner, while the
weight loss follows a curve similar to that of the steady state experiment
shown by Figure 10.
It is probable that the heat of vaporization and the convective heat
transfer by the gases as they move out from the center of the sample
adversely effect heat transfer into the sample. Certainly heat transfer dur
ing the retorting process is complex and probably is not a simple matter
of unsteady state conduction through a solid. However, such relationships
can be used to get a feel for the time-temperature relationships required.
For example, many unsteady state heat transfer relationships have been
developed in the heating and cooling of solids (6, 7). A common type of
relationship is shown by the curves in Figure 15. An interesting feature
of these relationships is that for a given set of temperature conditions
the time required for a heat transient to move into a solid of any size
with fixed geometry is proportional to the square of the dimension
normal to the surface. This can be reduced to an equation of the form:
N*o =^ (1)
where Nf0 is a dimensionless term called the Fourier Number, a is the
thermal diffusivity, r is the time, and L is the dimension normal to the
heated surface. Since under the conditions specified, Nf0 is a constant,





For shapes such as cylinders or spheres, L is the radius. For a slab it is
the thickness, if being heated from one side, or one-half the thickness, if
being heated from both sides.
Experiments were performed on oil shale cylinders (height equal
diameter) with diameters ranging from 0.4 to 2.0 inches to determine
the weight loss as a function of time. These data are plotted as the time
for 95 percent volatile weight loss in Figure 16. (Note: The 95 percent
value is used since the weight loss curves approach a steady state weight
loss rate primarily because of carbonate decomposition and never really
level off at a steady state value. As a result, the time for 99+ percent
removal of organic is hard to determine and also subject to considerable
time error.)






Figure 15. Time-temperature relationship for unsteady state heat transfer.
The curve shown in Figure 16 is that predicted from the heat transfer
relationship as given by equation 2. Figure 17 shows these same data
plotted on log-log coordinates. Within the uncertainties of the experi
ments, in particular the heat transfer from the furnace wall to the sample,
it appears that a reasonably good correlation exists.
The effect of changing temperature on the time for devolatilization
was shown in Figure 13. These data are based on the %-inch plugs and
have not been verified for the larger pieces of shale. However, assuming
the relationship of time to radius squared (t/R02) is only a function
of temperature, these data can be replotted and used to extrapolate other
particle sizes as a function of temperature (fig. 18) . From this rela
tionship and that shown in Figure 17, the curves shown in Figure 19
were developed.
While these data do not directly apply to blocks or slabs, they do give
an indication of the time required for in situ processing of highly fractured
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Figure 18. Relationship of furnace temperature to time required for volatilization
of 95% of volatiles of cylinders (L = D) of Colorado oil shale.
shale or in retorting various size ranges of shale. As an example, by
extrapolation of the curves in Figure 19, the time required to retort rather
massive blocks of shale can be made. This is especially true for
the
countercurrent technique where the block would be soaked at a constant
temperature for a considerable period of time. These predictions are
based on these curves being extended as straightline functions. One such
extrapolation shows that at
1000
F average temperature behind the com
bustion zone, about two and six days, respectively, would be required to
retort 95 percent of the shale oil from blocks with one-foot and two-foot
average diameters.
SOME EFFECTS OF PRESSURE ON RETORTING
Much of the oil shale of interest for in situ processing lies under
considerable overburden. In the Piceance Creek area, for example, pres
sures in the range of 1000 psig will probably be required to inject air to
maintain an in situ combustion process. It is possible that even higher
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pressures may be used and partial pressure parting of
the formation
carried out in connection with the combustion process to get
additional
permeability.
Pressures of this magnitude are capable of effecting the kinetics as
well as the equilibria of both the combustion and the pyrolysis reactions
taking place. Details of laboratory experiments studying pressure effects
on the countercurrent or parallel flow process have been reported in some
detail (8).
These data were obtained in a three-inch combustion tube relating
pressure from 25 to 1000 psig. air flux rates from 100 to 1000 SCF/HR/SF
and shale particle size in the range of 65 to +3 mesh. They showed
that the process yielded a shale oil of higher gravity and lower pour point
than that by conventional retorting, although in lesser total yield. It was
further shown that moderate pressures up to 400 psi did not appreciably
affect the oil shale yield. However, between 400 and 600 psi, an appre
ciable change, was noted and the oil quality and quantity rapidly de
creased with pressure, even under optimum conditions.
The optimum shale oil yields were shown to be directly related to the
gas velocity at the front and the front temperature (figs. 20 and 21).





F, depending upon the pressure,
gave
26-35
API oil in yields up to 65 percent of assay. Although this
yield is low, it was observed that because of heat loss behind the front.
some of the oil was readsorbed on the spent shale. Assay of this material
on the spent shale showed that actual yields up to 85 or 90 percent should
have been achieved.
One naturally is interested in whether comparable pressure effects are
noted using conventional processes. It had been assumed that such experi
ments could easily be carried out in our high pressure equipment. Unfor
tunately, this was not true; and in a series of cocurrent experiments.
considerable difficulty with plugging was encountered. This occurred at
several points the retort, the condensers, the off-gas filter, and even in
the off-gas rotameters. However, limited data were obtained over the
pressure range of 200-600 psig using air flux rates of 200-900
SCF/HR/SF.
These data showed that the oil yield was not related to pressure as
was the previous case. Further, a good correlation was observed between
temperature and front velocity. As anticipated, temperatures were several
hundred degrees higher over those observed in the countercurrent process
for the same front velocity. Oil yields were about 75-90 percent of assay
and gravity averaged about
29
API. It is believed that oil yield is lower
than expected from a retorting operation because of losses in the system.
In addition, the high gravity is of interest and possibly indicates that
some beneficial effects may actually be achieved by high pressure
processing.
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Figure 20. Isobars showing shale oil yield as a function of the superficial gas
velocity of the front.
SUMMARY
The broad purpose of this paper has been to look at some of the
characteristics of oil shale that influence in situ combustion as a recovery
process. The major problem still appears to be that of getting adequate
permeability into the shale formation.
In the event an economic technique for getting permeability can be
developed, there are two general types of in situ combustion processes
that can be applied. There are the countercurrent or reverse flow process
and the cocurrent or conventional process. Each process has certain
advantages and disadvantages. A decision as to the type of process applied
will probably depend upon field testing of
both processes under the
permeability conditions
developed.
The ignition temperature required to start a combustion process has
been shown to be a function of oxygen concentration and to occur at
temperatures of
360-600
F, which are considerably below the lowest
retorting temperatures.
Relationships between the temperature and the time required to extract
oil from various sized pieces of oil shale have been developed. These
data show that the time varies roughly as the square of the distance from
the surface being heated to the midpoint of the particle.
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The effect of pressure on oil yield and quality has been investigated
for the countercurrent process. These data have shown that the oil quality
is generally improved because of the partial cracking yielding a higher
gravity and low pour point. This oil should be suitable for direct pipeline
transport without further processing. There is good indication that
pressures higher than 400 psi have an increasingly detrimental effect on
oil yield.
On the other hand, there is indication that processing by cocurrent
combustion at higher pressures yields a higher than normal gravity oil
without an apparent adverse pressure effect on yield.
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BUREAU OF MINES OIL-SHALE RESEARCH
H. M. Thorne
INTRODUCTION
The Bureau of Mines has actively conducted oil-shale research and
development over much of the past half century. It has done so in com
plying with its basic function to discover new scientific and technologic
information for use in assuring the fuel supplies required for industrial
and economic advancement and for military security.
The most recent period of major activity by the Bureau in oil-shale
research began in 1944 with passage of the Synthetic Liquid Fuels Act.
The program included large-scale engineering development of oil-shale
mining, retorting, and shale-oil refining at Rifle, Colorado, and labora
tory research and small-scale pilot-plant development at Laramie, Wyo
ming. Work at Rifle was terminated in 1956 and that installation has
since been maintained in standby status. The research program at the
Laramie Petroleum Research Center has been continuous.
This paper will describe briefly areas of research studied at Laramie
and will discuss some typical accomplishments in the various areas since
the Rifle facility was placed in standby. Time will not permit discussing
any of the research results in detail; however, a bibliography is provided
for those wishing additional information.
OIL-SHALE RESEARCH PROGRAM
Characteristics of Green River Oil Shales
Bureau studies of the characteristics of the Green River oil shales
have contributed significantly to the appraisal of oil-shale reserves and
to the development of methods for mining and processing them. Major
deposits of the shale in Colorado, Utah, and Wyoming have been exten
sively sampled, improved methods of analyzing the rocks have been
developed, and advances have been made in characterizing oil shales from
different deposits.
With the cooperation of companies, cores drilled specifically to sample
oil-shale deposits as well as drill cuttings and cores of oil shales penetrated
Research Director, Laramie Petroleum Research Center, Bureau of Mines,
United States Department of the Interior, Laramie, Wyoming.
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in drilling operations for oil and gas and trona (in Wyoming)
have been
collected. Nearly 100,000 such samples have been assayed and
their oil
yields determined. Oil-yield results for series of cores from 72 coreholes
and of cuttings from 27 wells in Colorado, published by the Bureau,
established more firmly the richness and extent of oil shales in Piceance
Creek Basin.41-42 Similar results for samples from 40 coreholes and 113
wells in the eastern portion of Uinta Basin of Utah have just been re
leased,43
and results for samples collected recently from Piceance Creek
Basin are being compiled for publication. Detailed lithologic descriptions
were prepared for many of these cores, and duplicate portions of the
assayed samples were placed in a depository for future reference and
study. Characterization of the Green River oil shales and of their deposits
in Colorado, Utah, and Wyoming is being continued as representative
samples become available.
The extensive oil-yield data, used in Bureau investigations, were also
used by companies for determining the richness and extent of their oil-
shale holdings; in acquiring and consolidating oil-shale properties, includ
ing the leasing of state lands in Utah; and in conducting preliminary
studies in the Piceance Creek Basin of Colorado on the in situ processing
of oil shale to oil. Following these studies, several companies submitted
proposals to the Federal Government for leasing public lands to permit
further experimentation and possible commercial recovery of oil by in situ
processing. The Federal Geological Survey also used the oil-yield data to
increase estimates of the shale-oil potential of Green River oil shales to
more than 1 trillion barrels of oil in place for 15-gallon-per-ton shales,
15 or more feet thick, in Piceance Creek Basin, Colorado20: to 320 bil
lion barrels for similar shales in Uinta Basin, Utah5: and to 43 billion
barrels for 25-gallon-per-ton shales, 15 or more feet thick, in Green River
Basin,
Wyoming.13
Drill cuttings are less reliable than cores for appraising oil shale.
However, assays of cuttings from deposits not core sampled provided
preliminary information on oil-shale occurrences and indicated promising
areas for future core sampling. The oil yields of cuttings obtained by
drilling with mud and with air were compared with the oil yields of cores
from nearby coreholes. Mud cuttings tend to have lower oil yields than
cores, thus representing the formation conservatively; the oil yields of gas
cuttings are similar to those of
cores.37
The modified Fischer retort method was widely used to determine,
routinely, the oil yield of oil shales by assay. Units were installed in
laboratories of major companies engaged in appraising oil-shale holdings.
in university laboratories conducting research on oil shale, and in com
mercial laboratories offering assay services. The Bureau's improved
method of using automatically controlled electric heaters, rather than
manually operated gas burners, in the assays was also adopted in some
of these installations. For special needs a more precise analytical method
was developed for determining the thermal degradation behavior of small
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oil-shale samples. The method permits the complete recovery and analysis
of all products, including the determination of elemental and material
balances on the original sample and its products.32
One of the major obstacles in determining the composition of oil shale
and its contained organic matter is the determination of the amount of
sulfur present in the form of pyrite, mineral sulfates, and organic sulfur.
The classical Powell and Parr method commonly used in the analysis of
coal produces erroneous results when applied to oil shale. A new method,
based on the use of lithium aluminum hydride to decompose pyrite, over
comes deficiencies in previous methods and permits the direct determi
nation of each sulfur form present in oil shale and related carbonaceous
rocks.
3S
Methods were developed for preparing organic concentrates of oil
shales for determination of ultimate composition and further studies of
organic properties were made. An enrichment procedure involving
chemical destruction of minerals was developed so the elemental composi
tion of the shale organic matter could be determined more accurately.35
Another method was developed for preparing pound lots of concentrates
of essentially unaltered organic materials containing only 8 to 10 percent
minerals. The procedure involved leaching the oil shale with dilute acetic
acid, then grinding an oil-shale-n-cetane paste with water in a ball mill
and periodically removing the minerals suspended in the water
phase.36
In composition studies, a method of using glass-filter paper suspensions
for the liquid scintillation counting of radioactively tagged precipitates
was
developed.26 This simple technique may also have wide application
in medical and biological fields.
In 1961 the Bureau of Mines, Skyline Oil Co., University of Utah,
and Schlumberger Well Surveying Corp. conducted a cooperative experi
ment to determine the feasibility of using well-logging methods for apprais
ing the richness (oil yield) of oil-shale deposits. A borehole in a previ
ously assayed oil-shale section in eastern Utah was logged and the results
showed that gamma-gamma density and sonic methods responded to oil-
shale richness. These methods may be an effective means of appraising
deposits.2
During the past two years, essentially all coreholes drilled by
companies to sample oil shales in Piceance Creek Basin, Colorado, also
have been so logged.
Partially completed studies indicate that the richest oil-shale bed of
the Green River formation the Mahogany zone which has been used
for all experimental oil-shale mining and processing studies to date is
remarkably uniform in a
30- by 75-mile area in Colorado and eastern
Utah. Thus, the organic materials in 10 oil-shale samples assaying ap
proximately 25 gallons of oil per ton and representing different parts of
the deposit were found to be very similar with an average elemental
composition of 80.5 percent carbon, 10.3 percent hydrogen, 2.4 percent
nitrogen, 1.0 percent sulfur, and 5.8 percent
oxygen.35
Other properties
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of the samples, including their specific gravities, mineral components,
trace elements, and thermal decomposition products, also were similar.
However, the lateral uniformitv of this bed is best illustrated by the
exact matching of the varves and color variations of core sections
from
sites 65 miles apart, which shows the overall stability and uniformity
of ancient Lake Uinta in which the bed was formed. Technology for
Mahogany-zone shale at one site can thus be applied with confidence to
oil shales of equal richness in the same bed at other sites.
Trace element contents of the Mahogany zone and their distributions
in the shale components have been determined. In general, the trace
elements are present in lower concentrations than in other sediments, and
the quantity of trace elements is not sufficient to be of economic interest.
However, they are of geochemical significance in providing an insight
into the formation of the oil shale. An article discussing these results
is being prepared.
Although the Mahogany-zone oil shales show unusual lateral uniform
ity, oil shales above and below the Mahogany zone exhibit stratigraphic
changes in properties. The changes in shale characteristics with depth
may affect the methods used to extract the oil. In one study, comparison




with that determined for the lower-zone oil shales indicated
a stratigraphic change in the shale's organic composition. Based on
present information, this change is caused by decreased oxygen content
of the organic matter with increasing sample depth. Stratigraphic changes
in the mineral components also have been observed.34
Characterization of the black shales of eastern United States was begun.
Although these shales are not as rich as the Green River shales, they are
a large deposit of fossil fuel energy. Oil yields and relationships between
oil yield and shale specific gravity have been determined for three repre
sentative cores from Kentucky. Determination of ultimate organic com
position, mineral, and trace element content of these shales is in progress.
Composition of Kerogen and Shale Oil
Composition studies of kerogen and shale oil are designed to provide
knowledge for use in converting the kerogen to oil and gas, and in util
izing these products as a source of fuels and chemicals. The research
on kerogen encompasses the development and application of methods for
defining its structural features, and for relating it geochemically to other
organic sediments. The research on shale oils includes studying the com
positions and stability of the fuel fractions and evaluating the oils as a
source of valuable chemicals. In all of this research, the development
of analytical tools plays an important role.
Results of the preceding research have been gratifying. Pertinent
publications, appearing since 1956, are given in the bibliography, and
Bureau of Mines Oil Shale Research 81
others are scheduled to appear soon. One pending report contains infor
mation on the porphyrins in shale oil and oil shale; a second shows the
relationship between the normal and isoprenoid hydrocarbons from oil-
shale bitumen; a third suggests steps in the alteration of kerogen after
its deposition as a sediment; a fourth gives infrared spectral correlations
for condensed thiophenes; and a fifth discusses the mass spectra of sulfur
compounds.
Kerogen can be divided into two parts by suitable solvents one is
soluble and the other is insoluble. The small soluble part in benzene has
provided some interesting information on specific structures of biological
origin and on degradation reactions which may have taken place after
the deposition of the kerogen sediment.
The five isoparaffins identified in the soluble bitumen were shown by
mass, infrared, and nuclear magnetic resonance spectroscopy to have the
methyl branching characteristic of compounds originally made up of
isoprene units. They were all related to phytane, which has the following
structure :
C C C C
l I I I
A likely precursor for the isoprenoid compounds is the phytyl group
of the chlorophyll molecule. It has been postulated3 that the occurrence
of phytane in petroleum was brought about by cleavage of the phytyl
group from chlorophyll by mild acid hydrolysis or by enzymatic action.
The occurrence and distribution of the isoparaffins found in the bitumen
can be accounted for by either of the following reactions :
^
[H+1
1. chlorophyll ? phytol ? phytane
[0]^ -0\
2. phytol ^ acid ^ Ci9 hydrocarbon
These reactions suggest that kerogen is not static but may be undergoing
continual, slow changes. Therefore, the older and deeper oil-shale bitumens
should contain a greater quantity of paraffins. Preliminary results on
core samples of oil shale seem to substantiate this conclusion.
The soluble bitumen contains normal paraffins having carbon numbers
from Ci3 to C33. Their distribution is shown in Table 1. In general, the
paraffins having odd numbers of carbon atoms are present in greater
quantity than either of the adjacent paraffins having even numbers of
carbon atoms. The notable exceptions are Ci6 and C22- The odd over
even distribution is also typical of other sediments.
The study just described is typical of the work on kerogen. Methods
are also being developed to determine quantities of carboxylic acids,
esters, and alcohols in the kerogen. Kerogen that is essentially free of
minerals has been prepared. The kerogen that is insoluble in the common
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solvents is being dissected by using specific reactions, and work is pro
gressing on the identification of the pieces produced. Much of the
kerogen is high-molecular-weight material requiring the development of
analytical techniques as the work progresses. Although progress is being
made in identifying the structure of kerogen, much research remains to
be accomplished before this complex organic material is completely
analyzed.
The efficient utilization of the oil produced from kerogen requires a
knowledge of the composition of the oil. The study of the compositions of
shale oils is a continuing, valuable part of the research of the Laramie
Center. Composition data provide the engineer with a means of evaluating
processes and suggest the use of fractions of the oil as fuel or as sources
of valuable chemicals.
Comparisons were made of the properties of shale oils produced from
Colorado shale, shales from other locations in the United States, and
foreign shales. Typical was a comparison of the Colorado and Brazilian
shale oils produced by several different experimental retorting methods.
The proportion of lower boiling distillates was a function of the retorting
method, but the Colorado oils always contained larger amounts of resi
duum. The average nitrogen content of the Colorado oils was about twice
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that of the Brazilian oils. Thus, the structure of the organic matter in the
shales must be different. Most of the Brazilian oils had a different dis
tribution of nitrogen in relation to boiling range than the Colorado oils.
Oils produced from the two shales also showed regular differences in
hydrocarbon composition: the Colorado oils had a greater content of
saturates and a lower content of aromatics.
The foregoing summary is indicative of the analytical results obtained
for shale oils by the Bureau of Mines method of crude oil analysis. In
many instances, the oils have been subjected to more detailed analyses
by specialized techniques such as spectroscopy. A detailed analysis of a
light gas oil is presently underway. Research into the composition of a
heavy gas oil is complete, and a report is being written for publication.
Research into the nitrogen compounds in shale oil also is progressing
satisfactorily.
Shale oils are unstable so special handling methods are being devel
oped, especially for the heavier fractions for which analytical techniques
also must be developed as the research progresses. Much is known about
the composition of naphtha; in contrast, the heavier fractions are re
sistant to composition analysis because of their high-molecular weight
and complexity. It is in this area that research emphasis is being placed.
The studies of kerogen and shale oils lead to another area of research
which is related to composition, that is the study of the characteristics
and reactions of compounds found in the oils. This research is designed
to study compounds that cause storage instability, to study compounds that
are desirable components of the oils, to demonstrate that oils can be up
graded for special purposes, and to identify valuable chemical applications
for components of the oils.
An example of this related area of research is found in a recently
completed study of the thermal reactions of pyrroles. In general, the
pyrroles are undesirable components of the oils because they contribute
to storage instability and inhibit catalyst activity.
The alkylpyrroles were subjected to thermal decomposition using both
flow and static systems. From the rates of reaction and the identities of




C. isomerization of 1 -alkylpyrroles proceeds via a first order
reaction to produce 2-alkylpyrroles in a nonreversible reaction;
2-alkyl-
pyrroles isomerize to 3-alkylpyrroles by a reversible reaction route; and
thermal decomposition was not significant, except at the higher tempera
tures. The extrapolation can be made that mild thermal treatment will not
benefit an oil by destroying the pyrroles. However, 1 -alkylpyrroles should
not be present in quantity because they are easily isomerized to
2- or 3-
alkylpyrroles.
The study of the pyrroles is one example of the research into the
characteristics and reactions of compounds found in shale oil. Others
in progress include the study of photochemistry of some sulfur compounds,
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the study of reactions on pyridines, the study
of the effects of atomic or
gamma radiation on oils, and a new study of the
reactions involved in
the conversion of kerogen to oil.
Oil-Shale Conversion Research
Information developed from oil-shale and shale-oil conversion research
provides fundamental data and concepts that should advance oil-shale
technology. Basic research was conducted in the areas of physical struc
ture of oil shale; laboratory in situ retorting; high-temperature,
entrained-
solids retorting: and conversion of the oil-shale's organic matter to oil
by methods other than pyrolysis. such as bacterial action, ultrasonic
radiation, ultraviolet light, and electrochemical reactions.
Significant information has been obtained by the study of the physical
structure of oil shale.
44,45,4G This research shows that oil shale is a highly
consolidated organic-inorganic system with no significant micropore struc
ture, pore volume, or internal surface. This type of structure precludes
rapid diffusion of either gases or liquids.
The mineral matrix consists of nonspherical particles that tend to
follow a log-normal distribution with a geometric mean diameter of about
5.8 microns. Over 99 weight-percent of the mineral particles from a rich
oil shale were within the subsieve range of less than 44 microns, and 2 to 3
weight-percent may be within the colloidal range of less than 0.2 of a
micron. According to
AtterbergV7
classification, the size range extends
from coarse sand to clay, with the predominant fraction, about 75 weight-
percent, graded as silt of 2 to 20 microns.
The surface area of the mineral constituents. 3 to 5 square meters
per gram, is mainly on external surfaces. These values, although appre
ciable, are small when compared to those of commercial catalysts, which
may measure several hundred square meters per gram. Nitrogen
adsorp-
tion-desorption isotherms indicate some micropore structure with maxi
mum radii of 100 angstroms and with scattered pore sizes.
Distribution of the organic matter within oil shale is essentiallv inter-
particle and not intraparticle. The amount within the micropore structure
of the mineral constituents is less than 4 percent of the total. Estimates
made from surface-area data suggest that perhaps onlv a small amount of
the organic matter is bonded either chemically or phvsicallv to the mineral
phase. For example, it was calculated that the 75-gallon-per-ton oil shale
contained sufficient organic matter to form about 350 mono-molecular
layers. This was determined from the total surface area of the mineral
constituents and an assumed diameter for the kerogen molecule of 10
angstroms.40
Bench-scale in situ retorting experiments indicated that permeability
could be readily established in oil shales assaying 50 gallons of oil or
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more per ton. It was more difficult to establish permeability in oil shales
assaying 20 to 50 gallons per ton and very difficult to do so in oil shales
assaying less than 20 gallons of oil per ton. Complete retorting of
oil-
shale blocks 8-inch cubes was attained, except in the lean oil shales,
with liquid yields equivalent to 45 to 60 volume-percent of Fischer assay.
Although retorting created permeability, rate of travel of the retorting
and combustion fronts was considerably greater when fractures or struc
tural faults were present. Travel of the fronts parallel to the bedding
planes was significantly faster than was travel perpendicular to them.
For more meaningful data, future experiments should be conducted in the
field.





F. At Laramie, a high-temperature retort, capable
of directly converting organic matter into compounds useful in the petro
chemical industry, was constructed and
operated.40 Small particles of oil
shale, entrained in steam or other gaseous media, were retorted at closely





residence times of only a few seconds. With temperature rise, gaseous
products increased, liquid products decreased, and dehydrogenation in
creased progressively. The naphthas produced were refined to stable





F, the naphtha composition significantly changed
from olefinic to aromatic. The aromatic content of the respective naphthas
produced at 1000, 1300. and
1500
F were 20, 90, and almost 100
percent aromatic compounds. They all contained benzene and toluene.
The gaseous products within the entire temperature range contained large
quantities of olefins, many of which could be polymerized to gasoline.
The maximum production of ethylene and butadiene, important products
in the petrochemical industry, was 50 and 9.25 pounds per ton, respec
tively, from oil shale assaying 30 gallons of oil per ton.
Three different nonpyrolytic processes were investigated to evaluate
their usefulness for converting organic matter to usable products. Included
were exposure to ultraviolet light to activate hydrogen or other agents
which would react with kerogen, exposure to ultrasonic radiation to
mechanically disintegrate the kerogen and to accelerate chemical reactions
with selected reagents, and treatment with direct current to generate
special reagents which in turn would react with kerogen. None of these
methods proved effective under the conditions studied and further effort
in this direction was recessed.
Microbial degradation studies indicated that garden soil and sewage
sludge provide good source materials for bacteria that are capable of
using oil-shale organic matter. Attempts to develop more vigorous mutant
strains from the original cultures by ultraviolet irradiation were moder
ately successful.
Growth was obtained with all of the isolated cultures,
but under the prevailing culture conditions, the bacteria were capable of
utilizing only
a small portion of the available organic matter. Oxygen
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consumption and the production of carbon dioxide and small amounts of
methane and ethane were evidence that the oil shale was utilized to a
limited extent. Additional studies would be required to determine opti
mum culture conditions that will extend bacterial action to other portions
of the oil-shale organic material. This project also is currently recessed.
Shale-Oil Conversion Research
Of 17 different hydrogenation catalysts studied for suitability in
hydrocracking crude shale oil to gasoline at pressures between 1,000 and
3,000 pounds, molybdena alumina and cobalt molybdate catalysts pro
duced the highest gasoline yields in single-pass runs, 70 and 65 volume-
percent respectively based on crude shale oil, at
960
F. The gasolines
contained less than 0.05 percent sulfur and less than 0.01 percent nitro
gen. Their hydrocarbon compositions averaged 56 percent paraffins, 25
percent aromatics, 18 percent naphthenes, and 1 percent olefins. These
gasolines would require reforming for use as motor fuels because their
leaded-research octane numbers were in the low eighties. Hydrocracking
at temperatures near
1000
F with the catalysts mentioned produced lower
yields of gasoline, but the gasolines had leaded research octane numbers
as high as 92.411
Water-white gasoline containing 0.05 percent sulfur, less than 0.01
percent nitrogen, 2 milligrams ASTM gum per 100 milliliters, and an
induction period of over 24 hours by the oxidation stability test, was
produced by recycle catalytic hydrocracking of crude gas-combustion
shale oil at 3,000 pounds pressure and
890
F using cobalt molybdate
catalyst. Gasoline yield was 106.8 volume-percent of the crude oil. Al
though the motor and research method octane numbers were only 73 and
76 respectively, with 3 milliliters of tetraethyllead, the gasoline would
be suitable for blending purposes or for charging to a catalytic reforming
process to increase its octane
rating.12
No noticeable loss in catalyst
activity was observed in a 370-hour recycle hydrogenation run at 3,000
pounds and
902
F. The catalyst deposit, 0.02 weight-percent of the fresh
feed or 7.1 weight-percent of the fresh catalyst, indicated that much longer
runs could be attained before shutdown for catalyst regeneration.11
Recycle destructive hydrogenation of a high-temperature
(1200
F)
retorted shale oil at 3,000 pounds pressure and
903
F using cobalt
modybdate catalyst, produced 99 volume-percent of stable, low-sulfur,
low-nitrogen gasoline with a leaded-research octane number of 89. Its
hydrocarbon composition, 38 percent paraffins, 36 percent aromatics,
23 percent naphthenes, and 3 percent olefins, suggests that this gasoline
would be a valuable source of aromatics or reforming feedstock to produce
either aromatics or high-octane gasoline.12
A similar hydrogenation test at 3,000 pounds and
828
F, but charg
ing a conventional crude shale oil, yielded 31.6 volume-percent gasoline,
61.7 volume-percent
675
F end-point light gas oil that was suitable for
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catalytic cracking stock, and 8.6 volume-percent recycle oil. The gasoline
contained 0.04 percent sulfur and 0.01 percent nitrogen while the gas oil
contained 0.03 percent sulfur and 0.03 percent nitrogen. Catalytic crack




F yielded 21 and 41 volume-
percent gasoline, respectively. The gasoline, gas, and coke yields were
similar to those expected in catalytic cracking of light East Texas gas oil
to the same conversion
levels.-2
In addition to demonstrating that shale oil may be hvdrocracked to
high yields of gasoline at 3.000 pounds pressure with low catalvst deposits
and good catalvst life, studies also were conducted at pressures of 500 to
1,500 pounds to develop information permitting use of lower pressures to
refine shale oil. Liquid product yields at the reduced pressures were lower
than at 3.000 pounds and greater catalyst deposits necessitated more
frequent regeneration. Low space velocity, however, results in hvdro
cracked products with low nitrogen and sulfur content. For example, in
a once-through operation at 1.500 pounds pressure,
900
F, and an hourly
space velocity of 0.25. gasoline with less than 0.10 percent nitrogen and
sulfur was obtained. The diesel fuel contained less than 0.15 percent
nitrogen and 0.10 percent sulfur.
Catalytic hydrogasification studies of crude shale oil showed that gas
of pipeline quality could be produced. At
1200
F and 1,000 pounds
pressure with an hourly space velocity of 0.25. 4,340 cubic feet of
methane, 1.360 cubic feet of ethane, and 25 cubic feet of propane per
barrel of crude oil were produced in addition to smaller quantities of
ethylene and propylene. Other products included 0.91 gallons of C4
hydrocarbons. 3.18 gallons of gasoline-boiling-range naphtha, and 1.21
gallons of cycle oil boiling above the gasoline range.
Hydrofining thermally cracked shale-oil naphtha at 400 to 800 pounds
pressure reduced sulfur, nitrogen, and gum contents to low values and
improved stability, volatility, and antiknock characteristics, resulting in
products suitable for use as regular grade
gasoline.10
SUMMARY
With its continuing research program, the Bureau of Mines hopes to
encourage and assist private industry in the orderly development of the
nation's oil-shale resources by providing technical information on oil-shale
deposits, the characteristics and composition of shales and their products,
and chemical reactions and conversion techniques involved in producing
useful fuels and by-products. Representative samples from shale deposits,
particularly from poorlv sampled or new areas, will continue to be col
lected, analyzed, and appraised as to the suitability of the deposits for
commercial exploitation. The development and application of new and
more precise analvtical methods will also continue to occupy an important
place in the research program. Added information on the composition of
raw materials and products should aid in developing more efficient and
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economic processes. Finally, continued consideration and
exploration of
technologic factors involved in the development of new concepts, such
as in situ retorting, application of nuclear explosives
for fracturing shale
to produce permeability, or the feasibility of using nuclear explosives for
oil-shale mining, may lead to more economic
and efficient recovery of
products from this vast resource.
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OIL SHALE DEVELOPMENT HANDICAPPED
BY GOVERNMENT INDECISION
The Hon. Wayne N. Aspinall
We in the Legislative Branch of the Federal Government have stood
idly by all to long waiting for the Executive Branch to take affirmative
action looking towards the development of an industry producing oil from
the public domain oil shale lands in Colorado, Utah, and Wyoming. I
applaud Secretary of the Interior Stewart Udall's cooperation in the recent
negotiations for a lease of the Government's Anvil Points Experimental
and Demonstration Facilities near Rifle, Colorado. Yet, I am not sure
that we can rely fully on the Department of the Interior to take timely
action with regard to the development of oil shale lands. I feel personally
that there is more responsibility which should be assumed bv the people's
branch of government.
Accordingly, unless the Executive Branch acts more swiftly than it has
heretofore, I propose to move forward with a legislative program that will
place responsibility with the Secretary of the Interior directing him to
take the necessary actions to get the industry moving.
It has been suggested that the public lands represent a national patri
mony, by which it might be taken to mean a property to be preserved
as a national heritage for all the people. The development of our public
lands and the utilization of the natural resources found in them have,
under our free enterprise system, been primarily the responsibility of
personal endeavor and individual effort.
The basis of the mining law is that a locator, in exchange for the
development of a mineral resource, can. upon payment of the price set forth
in the statute, obtain title to the mineral lands.
Since we have no agreement on a definition of a "national
patrimony,"
it puts a double burden on those of us who believe in continued develop
ment of the public lands by private capital to see to it that the traditional
philosophy is carried out.
Some of the public lands in the Green River formation, where the oil
shale values predominate, were patented under the homestead laws or
under the mining laws and are now held in fee title by individuals and
corporations. We are fortunate that the forward-looking co-venturers
representing the
Standard Oil Company of Ohio, the Cleveland-Cliffs Iron
Representative in Congress from Colorado and Chairman of the House
Committee on Interior and Insular Affairs.
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Company, and The Oil Shale Corporation have under their control pri
vately-owned shale-rich lands on which Dow Chemical Company has
granted options and that they are proceeding with a program for the first
commercial production of oil from shale in the United States without
need for an additional government program. However, the overwhelming
proportion of shale formations are to be found in the public land areas.
In addition to its responsibilitv to encourage the development of oil
shale resources because the public lands are owned by all the people, the
United States had the responsibility of encouraging the research necessary
for the development of a domestic industry that may be vital to the
defense of our country.
As all of you here know, by 1850 the distillation of shale for the
production of oil was a promising business in Europe and that it began
to flourish in the United States by 1860. However, the discovery of new
oil resources coupled with the development of more economical means of
extraction side-tracked interest in oil shale. While there was some con
fusion as to whether oil shale lands came within the purview of the 1872
Mining Law, the General Land Office in 1875 held that petroleum-bearing
lands were locatable under the mining laws and it is indicated that the
first patent for such lands was issued in 1880.
Typical of the government indecision that has plagued oil shale devel
opment was a change of heart by the Department of the Interior in 1896
when it ruled that the mining laws did not contemplate location of claims
for petroleum. To its credit, the Congress, by the Act of February 11,
1897. specifically provided that lands which were chiefly valuable for
petroleum or other mineral oils were subject to location under the general
mining law. There is some indication, however, that it was not until after
several locations were made in 1915 that the Department of the Interior
in 1916 set forth its official view that oil shale lands were subject to
location under the mining law as lands chiefly valuable for petroleum or
other mineral oils.
During that same period the Geological Survey made a reconnaissance
of the oil shale lands and, beginning in 1916, classified over 4 million
acres of such lands in Colorado. Utah, and Wyoming as valuable for
petroleum and nitrogen. Historically, the next important action came
when Congress, by the Act of February 25. 1920, established a category
of minerals, including oil shale, that could be acquired from the United
States by lease only. Apparently there was no government research pro
gram at that time, despite the fact that our entry into World War I in
1917 had caused a strain on our crude oil resources.
The Bureau of Mines did operate a small experimental oil retort near
Rifle, Colorado, from 1926 to 1929. But, with the great East Texas
oilfield discovery, it seems that the Bureau of Mines lost interest in
assisting in the development or the research effort necessary for the
development of a domestic oil shale industry.
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It is also interesting to note that a review of the records of the Depart
ment of the Interior reveals that only two oil shale leases were issued
during the 1920's covering a total of 4,600 acres in Oregon and Wyoming.
Despite the fact that the government's interest in research had been
abandoned and despite the fact that no lease had been entered into since
1925, President Herbert Hoover, in pursuance of what we are told was
his oil conservation program, on April 15, 1930, issued Executive Order
No. 5327 under statutory authority to make temporary withdrawals and
decreed that
"deposits of oil shale, and lands containing such deposits owned
by the United States, be, and the same are hereby, temporarily
withdrawn from lease or other disposal and reserved for the
purposes of investigation, examination, and classification.
"This Order shall continue in full force and effect unless and
until revoked by the President or by Act of
Congress."
I will return to this withdrawal order later; but let me just point
out at this time that (1) the President has since delegated his authority
to the Secretary of the Interior to issue and revoke withdrawal orders,
and (2) we cannot stand by much longer and wait for the President or
the Secretary of the Interior to revoke the withdrawal order.
World War II brought renewed interest in obtaining oil supplies from
oil shale. The Synthetic Liquid Fuels Act passed by Congress in 1944
authorized a program under which the Bureau of Mines was able to
undertake both basic research and engineering-development studies in
this field. A Petroleum and Oil Shale Experiment Station was established
at Laramie, Wyoming, and an experimental mine and retorting plant
developed at Anvil Point, near Rifle, Colorado. The Laramie Station has
continued uninterruptedly but the Rifle plant has been beset, as all of
you so well know, by many stumbling blocks. Beginning in 1954 there
were doubts raised both within the Executive and Legislative Departments
as to whether it was prudent to continue expending money on the type
of research conducted at Rifle. Parenthetically, it should be noted for
the record that in 1955 the Union Oil Company built a $5 million pilot
retort plant in that area and since then other oil companies have established
or expanded private research facilities.
I think that the handling of the experimental facilities at Rifle by the
Executive Branch between 1956 and 1962 constituted a fiasco. In 1956 the
Secretary of the Interior announced that he was turning over operation
of the plant to the Department of the Navy, on whose oil shale reserve the
Rifle plant was built, only to have the Attorney General rule that the
Secretary of the Navy had no statutory authority to lease the plant facili
ties and shale deposits to private industry.
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Although the logical program indicated private use of the facilities.
the Attorney General also said that the Secretary of the
Interior was
without authority to lease either the deposits or the plant
facilities.
It took a little time, but finally legislation that I co-sponsored became
law October 11, 1962, authorizing the Secretary of the Interior, subject
to the approval of the President, to contract or lease for the use of the
Rifle facility and it was understood by everyone concerned that if he
failed to do that it would be turned over to the Secretary of the Navy.
There have been long, hard negotiations. There have been many
problems to solve. It is gratifying for me to be able to tell you that,
within the framework of the legislation we enacted, the lease agreement
between the United States and the Colorado School of Mines Research
Foundation is virtually a reality and that the research program will be
undertaken by Socony Mobil Oil Company and Humble Oil and Refining
Company in conjunction with the Research Foundation.
The last significant action prior to final signing was taken when
President Lyndon Johnson, as required by the Act of Congress, approved
the Rifle Plant lease. I am pleased to have our senior Senator, Gordon
Allott, join with me in making this announcement; he has also worked
long and arduously for this achievement.
We can all take pride in the imminent signing of this lease. But,
while the agencies of government working together have taken a long
step forward, there is still much to be done. I refer, of course, to the
government's responsibility to provide for the development of oil shale
from the public lands. And I submit that, in the tradition of our govern
ment and of our free enterprise system, which made the American economy
what it is today, immediate steps must be taken to permit private develop
ment of the oil shale deposits located in public land areas.
This problem breaks down into two aspects: the recognition of valid
claims filed under the mining laws prior to February 25, 1920, when the
Mineral Leasing Act became law. and secondly, the leasing of lands under
that statutory authority.
The Department of the Interior under successive Administrations has
failed to resolve the problem of the pre-1920 claims. Until 1960 it was
possible for a claimant to obtain a patent if he could show that he had a
valid discovery as defined within the guidelines of precedent cases. How
ever, no patents have been issued since 1960; and, in addition, as every
one so well knows, the Department on April 17, 1964, issued a decision
rejecting outright 30 claims, placing in immediate jeopardy an addi
tional 227, and casting a cloud on both the patents issued within the last
six years and all remaining claims that had been set aside improperly
by the Department in the 1930s.
I am not unduly disturbed by the fact that the decision finds that
these claimants are barred by a theory of administrative finality or, as it
is known in the law, res judicata. What disturbs me is that, if these
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claimants appeal the Department's decision and the Department is reversed.
the claimants will still have to go back and prove valid discoveries
entitling them to patents under the mining laws. Those claimants who
cannot afford expensive litigation and successive appeals are forced either
to relinquish their claims or sell out to the big companies. So don't be
surprised if we hear some charges later on that only the big companies
are going to benefit from patenting of oil shale lands; all the others will
have been squeezed out.
I take at his word the Interior Department's solicitor when he tells
me that these cases came up in such a way that it was not possible for
the Department to put into issue all material questions. That being the
case, however. I submit that the Department has an obligation to take
such action, including, if necessary, the submission of legislation for
consideration by Congress that would permit the joining of all issues in
one court proceeding.
You may be assured that I am considering such legislation and will
introduce it even if the Department fails to recommend it.
I am also considering the introduction of legislation and I submit
that the Secretary of the Interior should consider recommending such
legislation to expedite removing the clouds on titles stemming from
patents issued during the last six years.
Then there still remains the question of possibly thousands of un
patented claims, the pendency of which are not directly affected by the
April 17th decision. These, the Secretary says, are to be identified and
action taken by the Department to determine their validity to the end
that those that are valid will be patented and those that are invalid will
be removed as a cloud on the government's holdings. But even in render
ing this decision it is disturbing to find the Secretary of the Interior
establishing a new test of discovery for a valid oil shale claim.
The prime objective should be to have these matters cleaned up.
Accordingly, the responsibility rests with the Department of the Interior
to obtain whatever authority it needs to have decisions made expeditiously
and reported directly to the Secretary of the Interior, without intermediate
appeals, so that those who can afford it can go to court on
adverse
decisions and have prompt judicial determinations.
This brings us to the final aspect of administration of the public lands
for oil shale development, namely, mineral leasing. A moment ago I
mentioned that the President has withdrawn oil shale lands temporarily.
To you and me and, I might add, to the dictionary the word
"temporarily"
means for a short duration of time. Some may say that 30 or 40
years
is a short time; in the context of public land management, and
particu
larly in the context of oil shale technology, I say it is a long, long
time.
Despite the fact that the lands were withdrawn and despite the fact
that leases could not be granted, several offers to lease were submitted
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to the Department of the Interior by companies that would
proceed now
with the necessary steps looking towards the development of
oil shale
from the public lands in the foreseeable future.
These new offers did have the salutary effect of forcing the Secretary
of the Interior to request suggestions for revision of leasing procedures
and regulations.
As Assistant Secretary John Kelly advised the svmposium yesterday,
the invitation evoked widespread response. Many suggestions were sub
mitted by people and companies interested in or actively engaging in oil
shale development. Many of those submitting suggestions recommended
changes in the existing law ; others, while they did not recommend changes
in the law, recommended modifications that might require changes in the
law. They all agreed, however, that the withdrawal should be revoked
and a leasing program established.
There is, I submit, a three-fold responsibility on the Secretary of the
Interior to act promptly and (1) fully evaluate the suggestions that have
been made concerning the procedures and regulations to be followed,
(2) revoke the Executive Order withdrawing the oil shale lands from
leasing, and (3) either issue new regulations in the light of modern
technology or recommend to Congress the enactment of legislation that he
believes necessary to permit the United States promptly to initiate a
leasing program.
I would also like to call your attention to a bill that I have introduced
just recently, H.R. 10869. This bill would amend the section of the
Internal Revenue Code that establishes the point at which depletion allow
ance is granted. The 1960 Amendment to the Internal Revenue Code
permits the cost of pulverization of talc, the burning of magnesite. the
sintering and nodulizing of phosphate rock and the furnacing of quick
silver ores as allowable treatment processes to be included in the expenses
that comprise the depletion base to which the percentage depletion allow
ance is applied. In an unpublished opinion the Internal Revenue Service
has taken the view that the retorting of oil shale is not a treatment process
considered as mining; and that therefore the costs and benefits attribu-
able to retorting must be excluded from the depletion base.
I am convinced that the Ways and Means Committee and the Con
gress did not consider the treatment of oil shale in this connection. It
would be unfair to deny oil shale the same recognition as is given to
these other minerals. As another step in recognizing the oil shale industrv.
I have introduced H.R. 10869 to amend the Internal Revenue Code to
place the retorting or substantially equivalent treatment of oil shale
in the same category as these other processes that I just mentioned.
I have faith in those who are striving to establish a viable oil shale
industry. I do not reject any of them just because they happen to be
engaged in the oil business at the present time. I believe that the wise
use of our public lands requires that we encourage these pioneers of
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industry to proceed in their efforts to make the production of oil from
oil shale a financially feasible project. To that end, I promise my efforts
in the continuing exercise of the oversight responsibilities of the Com
mittee on Interior and Insular Affairs and, where necessary, the intro
duction and furtherance of legislation to solve outstanding problems.
Portion of refining unit used during previous oil shale research at Rifle, Colorado.
(The following communication was read by Representative Aspinall
at the Symposium.)





Pursuant to the provisions of the Act of October 11,
1962 (Public Law 87-796, 76 Stat. 904), I hereby
approve the proposed Lease Agreement between the
United States of America and Colorado School of
Mines Research Foundation, Inc., for the leasing of
the Anvil Points Experimental and Demonstration
Facilities near Rifle, Colorado. Nothing contained
in the Lease Agreement, as approved, nor in my
approval of it shall be considered as relieving any
person, including the parties to the Lease Agree
ment or any related contract or agreement, from the
operation of the antitrust laws in connection with
any act or omission to act pursuant thereto.
It is my understanding that the Research Foundation,
and the companies associated with it in this
research program, will make every effort to assure
the widest possible participation by others in the
conduct and benefit of the program. Any party who
can demonstrate that it has sufficient financial
resources and ability to discharge its obligations
under the Research Agreement may join in the Initial
Program within six months. To help carry out this
intent, I hope the parties will inform the Secretary
of the Interior of all applications made for par
ticipation in the Initial Program.
This will assure that all persons have an equal
opportunity to participate on an equitable basis in
the conduct of the program.
In addition, it is my understanding that patents
involved in or growing out of this research program
will be made available to eligible persons on pay
ment of a reasonable royalty.
Sincerely,
Lyndon B. Johnson (Signature)
Honorable Stewart L. Udall
Secretary of the Interior
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NEWS OF SIGNIFICANCE
The following story was released to news media by the Colorado
School of Mines Office of Public Information on the second day of the
Symposium :
Leasing of the Rifle, Colo., oil shale facility by the U. S. Department
of the Interior to the Colorado School of Mines Research Foundation,
Inc., has been completed in Washington, D.C., it was announced today
by Congressman Wayne N. Aspinall. He revealed the information at the
first annual Oil Shale Symposium at the Colorado School of Mines.
Simultaneously with the signing of the lease, the Research Foundation
signed a contract with Socony Mobil Oil Company and Humble Oil and
Refining Company to conduct research in oil shale at the Rifle facility.
The contract is to "investigate the technical feasibility of certain
mining, crushing, and retorting techniques for oil
shale."
Under the terms of the contract, Socony and Humble plan to conduct
up to $5,000,000 of research work during a three-year program. If other
companies wish to participate in the research projects, the agreement
leaves the door open and protects patentable discoveries.
The Rifle facility, built by the U. S. Bureau of Mines beginning in
1944, is a complete plant for demonstrating the potential production of
shale oil from the oil shale beds of the Green River formation, located
in Colorado, Utah, and Wyoming.
Included are a mine with power and water supplies, transportation
for the ore to a crushing plant, several retorts, and a refining plant, plus
laboratories, administrative office buildings and houses for employees.
The entire facility has been on a caretaker basis since 1956.
Estimates of the potential of the reserves range as high as 2 trillion
barrels of shale oil which can be synthesized into liquid fuels, about 30
times the domestic reserves of crude oil.
According to Edwin H. Crabtree, Director of the Research Founda
tion, reactivation of the facility will begin soon.
Fred L. Smith, who heads the Research Foundation's Mining Division,
will direct the project work. Several engineering and scientific personnel
from the Golden offices of the Research Foundation will be transferred
to Rifle.
Approximately 80 men will be employed in the work at Rifle. It is
hoped that the majority of these can be secured from the Rifle area.
















































SOME OIL SHALE PROBLEMS 1964
John H. East, Jr.
"Oil
Shale"
has many problems to solve before it can become an
industry. Some optimists have spoken and written that the industry can
start now that all it needs is someone with enough courage to start
building a 20,000-barrel plant and the rush will follow like the gold rushes
of yesterday. I do not believe this is true. I will try to point out some
of the problems in providing raw material as feed for the retorts a
basic need before we can look for a real industry. The problems of
retorting and refining are left for those more qualified than I.
The problem of providing raw material for the retorts must be known
to those who would develop the industry, but I sometimes feel they are
forgotten or ignored. So the problems that I point out today can more
nearly be called admonitions of things to look for while the mine planning
is still on paper. The expensive experience of the Bureau of Mines can
save oil-shale developers hundreds of thousands of dollars.
No large-scale mining of oil shale had been attempted until the Bureau
started the Rifle mine in 1945. We pioneered the field. No one had been
there before. Our successes and our mistakes are public record and bear
close examination by industry before they proceed.
The technical problems of mining are the same now as when the
Bureau mine was closed in 1956. A new element in the picture is the
political angle which apparently cannot be discounted. In my mind the
political thing has created an unfriendly atmosphere which has not helped,
nor will it help, this State or the fledgling oil-shale industry.
Before proceeding with this paper I wish it understood that I do not
own oil-shale land; I do not work for an oil company; I have nothing
to sell and I do not have a personal axe to grind. I am a mining engineer
and have been associated with oil shale at Rifle, Colorado, since 1945.
I helped select the site for the Rifle plant. I am interested in seeing the
oil-shale industry started for I have great faith in its future.
Retorting oil shale and refining shale oil are the two topics discussed
in most technical meetings of this kind. It is seldom that mention is made
of ways to provide raw shale for the retorts.
In my opinion, as of now, no one knows for sure how to mine oil
shale. We have information on using the room-and-pillar method, but it
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is sketchy and all cost and production data are obsolete. This
is a con
troversial statement, but it is my considered opinion.
The oil-shale industry in the United States Colorado in particular
reminds me of an orphan without friends of any kind. In the 1920's
a boom in oil shale took place in the DeBeque area of Colorado the
discovery of rich East Texas oil fields stopped the interest in oil
shale
and threw the orphan into the discard. Came the War years and oil shale
flourished at Rifle. Colorado, for nearly ten years and then was virtually
abandoned again. It is only now. years later, that any
real interest is
shown in oil shale.
A great deal was learned about oil shale while the Government operated
the Rifle plant. The retorting work was considered
successful but incom
plete. The Union Oil Company conducted their work on retorting near
Grand Valley, Colorado, and company officials have stated publicly
their
work was successful. Oil men now say that refining shale oil
will not be
more difficult than refining many western crudes.
The only mining method tested by the Bureau of Mines was the
room-
and-pillar which gave a 75-percent recovery. Equipment was designed
and built to handle the special problems that were encountered in mining
the 73-foot Mahogany Ledge. Some of this equipment is standard today.
I will not discuss the advantages and disadvantages of the methods
used in mining by both the Bureau of Mines and Union Oil Company.
However, I am critical that the Bureau work was stopped after testing
only one mining method. It was recognized after a
serious roof fall in
the Bureau mine that alternate mining methods should be investigated.
Work was started, but all work was stopped when funds were not appro
priated by the Congress. This took place in 1956. Since that time about
$120,000 has been spent annually for protective maintenance of the Rifle
plant.
The Rifle plant and mine are situated on the Naval Oil Reserve. In
1962 a project designed to make use of the Rifle facility for additional
research was sponsored by the Navy. The bill as introduced provided
for the Rifle facility to be turned over to a non-profit organization to
administer, and the organization would be authorized to negotiate with
private firms to use the facilities for research paying a fee, with the
expectation that the fees collected would eventually pay all Government
costs. A second use of the facility was to provide a place where various
universities could conduct work whereby graduate students could obtain
advanced degrees. The bill provided that any patentable ideas developed
at the Rifle facility would be the property of the developer except the
Government would have free use of the patent in a national emergency.
The bill as passed by Congress authorized the Interior Department to
negotiate with interested parties for the use of the facility for research
purposes. The Interior Department set up a committee to evaluate any
proposals that might be received. Various oil companies and university
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organizations submitted proposals to the committee and eventually the
Colorado School of Mines Research Foundation was awarded the respon
sibility of arranging a contract that would be mutually satisfactory to
both the Interior Department and the contractor.
Several proposals were submitted including one from Socony Mobil
Oil Company. This proposal has been well publicized and, according to
published statements, the company agreed to expend $10,000,000 in the
next five years on oil-shale research. The negotiations broke down when
the Interior Department insisted that the contractor turn over to the
public all patents the company had received prior to the date of the con
tract. No negotiations are in progress at this time. Once again the orphan
is out in the cold world.
In my opinion this is a political problem and outside the sphere of an
engineer. It sounds to me like an unfriendly Government atmosphere.
If the negotiations had been approved, retorting and refining would
have been the principal fields of research. No mention has been made
of mining research in any of the published plans. Probably 40 percent
of the total cost of producing shale oil will be mining, and it is here
where major savings can be made. I do not have a pet mining method
that will solve all mining problems. I do point out that all oil-shale mining
cost data today have been based on the two 30-day tests of the room-and-
pillar method in 1950-1951 at Rifle 14 years ago. Since that time
many improvements in equipment have been made, such as rotary drilling.
but no cost data using modern equipment have been developed from
actual tests.
In selecting a mining method to develop a new project, the engineer
usually has access to the unit costs of similar operations. A reasonably
close estimate of expected mining costs can be made. But in the case of
oil shale no actual cost data are available they are mostly assumptions.
It requires approximately IV2 tns of 25-gallon shale to produce one
barrel of shale oil. Virtually all plant estimates I have seen recently have
been for daily production of 10,000, 25,000 or 100,000 barrels of shale
oil. This means the 10,000-barrel plant would require 15,000 tons of raw
oil shale daily; the 25,000-barrel plant would require 37,500 tons the
daily production of Climax or the San Manuel Copper Company. Accurate
unit cost and production data are required for planning an operation of
this size. I cannot conceive of a reputable engineer estimating the cost
of mining 35,000 tons of oil shale daily using a bunch of assumptions of
cost and performance data 10 to 14 years old.
Lots is heard of in situ retorting as applied to oil shale. Little is
known about this method, and, so far as I know, only limited field work
has been attempted. Virtually nothing is known about recoveries and
costs based on actual extended operations.
I personally know very little about the actual application of in-situ
retorting. Oil shale is very dense and presents problems not found in oil
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sands. If it can be made to work economically and efficiently it
will
solve many problems now facing the future industry. I am sure a great
deal more experimental work must be done before anyone will spend
millions of dollars on a plant with in-situ retorting as the source of raw
material. I will listen to the discussion of in-situ retorting later in this
program with a great deal of interest.
As of now there are three possible ways to secure the raw material
feed for the plant: (1) in-situ retorting, (2) open-pit mining, and (3)
underground mining. In-situ retorting has not progressed far enough to
be adopted as the primary method, and because of the very high stripping
ratio the open-pit method is not given serious consideration. This leaves
underground mining as the most probable method for at least the first
few years of operation.
Since room-and-pillar is the only mining method that has been given
actual field tests, it is logical to assume this method will be the first to
be used.
The cost and performance data for room-and-pillar mining published
by the Bureau of Mines in 1950-51 was based on percussion drilling. This
is important to keep in mind since drilling and blasting is a large part
of the cost of mining. The rotary experimental test drill of the Bureau
completely changed the former estimates. An unpublished Bureau of
Mines report gave a cost-estimate comparison of percussion and rotary
drilling that is interesting. The percussion-drilling data were based on
mining 19,200 tons daily, and the rotary drilling estimate used 28,000
tons a day.
Using rotary drilling the tons-per-man-day total was 128 and for
percussion drilling 65. It required 218 men to produce 28,000 tons
using rotary drilling versus 298 men to produce 19,200 tons with percus-
was equipped with a hydraulic motor and was used for drilling vertical
sion drilling. It is obvious that the published cost reports of the Bureau
should be re-examined before using. The rotary-test drill of the Bureau
holes. The test drill for drilling horizontal holes was not fully developed.
The contractor for Union Oil Company mine used rotary drilling but no
results have been published.
Accurate data regarding cost and performance must be obtained
before an engineer can recommend a method to extract raw material for
an oil-shale plant with any degree of assurance that his many assumptions
are correct and that the investor is reasonably safe in making the required
tremendous preparatory investment.
The selection of the roof stone in planning to mine oil shale using the
room-and-pillar method requires very careful consideration. It must be
of competent rock of adequate thickness and strength to meet the require
ments of the proposed width of the room. It must be at or near the upper
limit of the section of the bed to be mined, and it must require very little
scaling after blasting. The Bureau of Mines selected a roof stone averag
ing 8 feet thick that gave a safety factor of 4 when using a 60-foot
room span.
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Core drilling has indicated that other roof stones are present in the
Mahogany zone but very little is known about the continuity of any of
them. Great changes frequently occur in sedimentary formations over a
relatively short distance.
The Mahogany zone at the Bureau of Mines Rifle mine has several
types of oil shale insofar as their behavior in retorting is concerned.
These include coking, semicoking and noncoking shales. It is important
that raw shale as mined for delivery to the retort stockpile be virtually
uniform from each bench if the expense of blending is to be avoided. To
achieve this at the Bureau mine, the top bench was 39 feet high and the
lower bench was planned for 34 feet. The resultant stockpile material
would be virtually uniform. It is doubtful if the characteristics of the
oil-shale beds are the same elsewhere. The characteristics of the shale
beds to be mined should be investigated while making plans for the mine.
Some authorities state that no trouble should be experienced in retorting
any type of shale, that it is a matter of handling the retorts. Other authori
ties disagree.
All present plans of mining oil shale underground that I have seen
include the use of diesel equipment. It is well known that adequate
ventilation is required to maintain the proper purity of the mine air.
Colorado has strict mining laws covering the use of diesel equipment
underground so this phase of mining must be considered. I have seen
several mining plans where the mine air was coursed through the mine
much as in ordinary coal-mine operation. That is easier on paper than
in a mine such as the Rifle operation. To conduct ventilating air through
the mine workings using brattices as in a coal mine would require cover
ing the openings which are 73 feet high and 60 feet wide. It is obvious
that these would be blown down by blasting. The Bureau of Mines used
a makeshift method consisting of an incline rise to the surface and an
exhausting fan. When the mine was in operation the air was pretty bad,
and in a production mine I am of the opinion the mine inspector would
have stopped operations.
Some people believe that limestone mining and oil-shale mining will
be identical or nearly so, and that unit costs of mining limestone in such
mines as the St. Genevieve mine in Missouri can be used in making esti
mates for oil shale. I do not believe this to be true. The cost of drilling
and blasting will not be comparable although many other units of cost
such as loading and transportation can be used.
You will note that I have not provided solutions for the technical and
political difficulties to be expected in securing raw material for making
shale oil. I have merely pointed out some of the things that
should be
considered when making plans for a new oil-shale mine. It
will be much
cheaper to find the answer to these and other problems on a small scale
than after a final master plan of mining has been adopted and it is
necessary to
produce large daily tonnages.
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I have purposely avoided a solution for the political
problem men




I have great faith in the future of oil shale. I want the very first
attempt at commercial production to succeed, and to do so I firmly
believe the experience gained by the Bureau of Mines will be very helpful
even if the Bureau work was incomplete.
FOREIGN OIL SHALE INDUSTRIES AND THEIR
INFLUENCE ON UNITED STATES OIL SHALE
DEVELOPMENT
Russell J. Cameron
Since shale oil production in other countries has preceded the com
mercial development of oil shale in the United States by more than a
century, it is logical to look to these earlier industries for their teachings.
What have we learned from them to date? What can their experience
tell us as we now stand on the threshold of the industrialization of this
nation's oil shale resources? This paper presents a brief rundown on the
oil shale activities of each country where oil shale has been of importance,
then deals with these questions.
COUNTRY HIGH LIGHTS
Australia
Shale oil production in Australia initiated in 1865. The Glen Davis
plant, which started operations in 1940, abandoned in 1952. No current
production anywhere in Australia. Exploration between 1955 and 1960
to prove up new reserves unsuccessful. Prospects questionable.
Brazil
Illuminating gas produced from Paraiba Valley oil shale in 1882.
Intermittent oil shale operations until 1946. Major research program to
develop a practical technology for Brazilian oil shales conducted by the
national government since 1950. Commercial production not yet started.
Prototype plant to demonstrate new processing methods planned. Reserves
of medium quality oil shale adequate for an extremely large industry.
Prospects good.
Burma
Burmese oil shale deposits an extension of those in Thailand. Reserves
not large but quality good. No commercial production but potential fair
pending clarification of political situation.
Canada
Oil shales from the Maritime Provinces distilled to produce waxes and
illuminating oils in the early 1800's but no really commercial industry
Cameron and Jones, Incorporated, Denver, Colorado.
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ever existed. Studies last 20 years have failed to indicate an economic
means of utilizing Canadian oil shales. Reserves relatively
small and
quality marginal. Best potential may be production of gas
or electrical
energy. Some possibility for ultimate development.
Congo Republic
No production started. Recent attempts at exploration and evaluation
of deposits interrupted by political events. Reserves of high quality shale
indicated to be large. Ultimate prospects good.
France
Shale oil production achieved industrial status in 1838. Three small
plants still were in operation during World War II but industry now has
ceased to exist. Reserves of minable shale small and quality marginal.
Oil shale of little future importance.
Germany
Shale oil production has a long history but never achieved the same
status as in other European countries owing to relatively poor quality.
During World War II shale oil along with oil distilled from brown coal
and lignite used as a source of military fuel. Small scale industry still
exists mainly producing building materials from spent shale. Oil produc
tion unimportant. Little future prospect for significant fuels production.
Manchuria
Japan started shale oil production at Fushun in 1929 and developed
in less than ten years the world's largest oil shale industry. Shale oil was
a principal source of fuels for Japan during World War II. Fushun
production continues to expand under Communist China and may be
40,000 BPD presently. Co-mining of oil shale and coal and relatively
efficient processing methods make Manchurian industry an economical
producer of shale oil.
New Zealand
Existence of oil shale deposits in New Zealand known for generations,
shale oil produced in small quantities from time to time beginning in
1900. Commercial production never achieved. Studies during past five
years indicate deposits too small and too low grade for economic develop
ment. No future prospects.
Scotland
Scottish oil shale industry, a source of fuels, waxes, and chemicals
for more than 100 years, soon to disappear. High grade shale reserves
depleted, plants outdated and production unimportant. Facilities bein<*
shut down or converted to other uses. Little future prospect for shale oil
production.
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Sicily
Oil shale resources never developed commercially. Large deposit of
medium grade shale indicated. Not thoroughly evaluated, but may have
potential.
South Africa
Small deposit of high grade shale at Ermelo developed commercially
in 1935. Reserve depleted and plant ceased operation a few years ago.
Search for new deposits unsuccessful to date. Future prospects dependent
on discovery of additional reserves.
Spain
Small scale oil shale industry has existed since 1922. Major expansion
of the Calvo Sotelo plant at Puertollano completed in 1955 but its processes
out dated and uneconomical. Operations continuing but refinery supple
mented by petroleum. Spain's oil shale reserves small and prospects dim
for any significant increase in importance of the industry.
Sweden
Kvarntorp oil shale plant built in 1921 as wartime measure Sweden's
only domestic source of oil and major supplier of sulfur and ammonia.
Plans announced to convert refinery and chemical plants to imported
petroleum feed stocks holding shale in reserve. Final decision not made
on future of shale processing but long-term prospects for oil shale limited
by the relatively small reserve.
Thailand
No commercial production started as yet. Consortium of Thai,
Japanese and United States interests formed to develop concession near
Mae Sod. Initial studies underway. Significant deposits of rich oil shale
indicated and prospects appear excellent.
U.S.S.R.
Oil shale industry started in Estonia in 1921. Plants destroyed during
successive occupations by Germany and Russia in World War II have
been rebuilt and expanded. At least one new plant completed during the
late 1950's. Other oil shale deposits, notably in the lower Volga region,
receiving attention.
Most important product of the Estonian industry is fuel gas used as
municipal gas for the City of Leningrad. Recent research effort, impres
sive in quantity, seems aimed at chemical production. Reserves in Baltic
region significant and continuance of the industry likely. Its importance
may diminish however, owing
to Soviet successes in oil and gas exploration.
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Yugoslavia
Produced small amount of shale oil during lU30*s and following
World War II conducted a research and development program for about
ten years. Although program still active effort is small and commercial
production not initiated. Yugoslavian oil shale deposits not large and
ultimate importance questionable.
THE NATURE OF A UNITED STATES
OIL SHALE INDUSTRY
As a preliminary to our attempt to derive benefit from the experience
of the world's oil shale industries, it is desirable that we speculate on the
character and dimensions of our embryonic oil shale industry that it
will be large no one doubts. Oil shale must supplv a significant part of
our future petroleum requirements otherwise there is no reason for us to
be concerned with its development.
Our usage of petroleum products is now more than 11,000,000 barrels
a day. The people already have been born who will increase this figure
to 15,000,000 barrels. If shale oil were to supply only 10 percent of this
need, a production rate of 1,500.000 barrels a dav is called for. If oil
shale is mined to supply this oil, we are looking at a 2,000,000 ton a day
mining task about fifty times the size of the largest underground min
ing operation in the world (at Climax, Colorado ) .
There are ample reserves of shale and sufficient water for at least
5,000.000 barrels a day or a-> of this demand. This rate of production
would mean mining 7,000,000 tons a day or more. Such a mining task
dwarfs all the world's mining operations.
There is another factor which sets the present situation in the L^nited
States apart from those oil shale industries that came before its time
in history. In Europe oil shale reached maturity around the turn of the
century when the industrial revolution still was young. Inanimate power
was only beginning to be used. Little was known of the behavior of
materials and substances. The chemistry of oil shale was imperfectly
understood (and indeed there are many mysteries yet remaining). Except
for
"crash"
developments during wartime, such as in Sweden, modern
technology came too late to benefit these industries.
Look at the situation now. Machines are available which employ
massive applications of power to mine and to move materials. Computors
and complex electronic instrumentation monitor and control our processes.
There are new materials of construction and some knowledge of how to
use them. Finally, we have a better
understanding of the technical and
economic requirements of the task of producing economically competitive
fuels from oil shale.
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There is yet another factor related to the above that should be under
stood and appreciated. The oil shale industry in the United States,
because none now exists, is tied to no historical precedent. From a tech
nological standpoint the conditions are ideal. There has been a long
period of research and development. New processes, new concepts, and
new equipment are available. The magnitude of the task and the im
portance of its success have attracted our strongest industrial organiza
tions. Financing will be adequate and the best of our technological skills
are being focused on the problems. There are certain parallels to this
situation, both in atomic energy and space technology but with one im
portant difference. Private enterprise is the instrument which will develop
oil shale if it does not default its obligation.
We also should recognize the beneficial effect of the fantastic size
of the mineral deposit we are preparing to exploit. Ten million tons a
day could be mined for 500 years without depleting the reserve. We do
not need to accept the machines, the methods and the concepts provided
by other related industries (to accomplish our task). This huge resource
justifies the development of specialized tools whose sole purpose is the
most efficient performance possible in this one situation.
I think you can anticipate from the foregoing that in my opinion the
contribution of the world's older oil shale industries to the development
of an oil shale industry in the United States is minimal. To be sure,
things can be learned from the art of the past and a great deal has been
learned already. But in many cases the teachings have been negative.
However, let us examine each of the major steps in shale oil produc
tion and utilization mining, retorting and refining and attempt to
appraise the significance of foreign oil shale experience to our emerging
industry.
MINING
There is very little applicability for the oil shale mining practices
used in other countries. Each mineral deposit, whether it be oil shale,
iron ore, or sand and gravel, has its own characteristics and the method
of extraction must be tailored to these characteristics. Furthermore,
economic conditions, labor market, and scale of operation in each situ
ation influence the approach used.
I think it is obvious that we are taught very little from the small scale
and generally out-dated mining operations that are practiced in most of
the world's oil shale industries. We can learn more from the mining of
other minerals. However, it is misleading to apply directly the concepts
and techniques used even in the most modern mines wherein the value
of the mineral is greater than that of oil shale. If we have learned any
thing from the research and development period of the last 20 years, it
is that oil shale mining is the most important economic factor in the shale
oil production sequence and that highly specialized methods must be used
if sufficiently low mining costs are to be achieved.
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RETORTING
Retorting is the one phase of shale technology in which we in this
country lack commercial background. Can European or other
foreign
experience be of benefit to us? In a positive way I think the answer has
to be no. Not one single process used commercially elsewhere in the
world is a practical method of producing the shale oil in the United States.
This is not to say that we cannot and have not derived value from the
century of oil shale experience elsewhere but there are no ready-to-use
methods with which to start our industry.
In many ways other shale industries have taught us what not to do.
We have found that small capacity retorts are expensive and inefficient,
just as whole plants that process only a few thousand tons of oil shale
a day are uneconomic. We have learned that mechanical complexity is
undesirable in an oil shale retort. Rabble arms, rotating drums, traveling
grates and the like are expensive to build, to operate and to maintain.
Such expense cannot be tolerated when processing a mineral with as little
value as oil shale. As clever mechanically as are some of the devices that
have been developed, none has proved to be a truly satisfactory retort
for its own ambient, much less for this country.
An economically feasible oil shale retort also must be able to use
by-product gases or coke to satisfy all its fuel requirements. Indeed it
should be more than thermally self-sufficient; there should be enough
excess energy from retorting to supply the fuel and energy needs of the
whole plant, including refining.
Some shale industries produce a variety of by-products and in certain
cases these sidelines are profitable. Too often, however, the bv-products
become the tail wagging the dog. The production of waxes, lubricants,
fertilizers, detergents and even fuel gas will not be practical until our
shale industry is well established. Experience has shown that processes
which are aimed at maximizing by-product output are most costly than
those whose primary objective is oil production.
To get specific let's look at some of the retorting methods that have
been used elsewhere. The Scottish Pumpherston retort is as good a place
to start as any since it has had wide application throughout the world.
Scotland
The Scotty in its original form was developed before the turn of the
century and was employed almost universally by the Scottish shale indus
try. The retorts are of the vertical continuous type, 34 feet high and about
2 feet x 5 feet in cross-sections at the bottom. The cross section tapers
outward from top to bottom. The walls contain flues for heating. Air
and steam are injected at the bottom of the vessel but product gas also
is burned in the flues. In addition to shale oil and retort gas (which is
used as fuel) ammonia is recovered as ammonium sulfate from certain
oil shales.
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Early versions of the Pumpherston had a capacity of about 4 tons
of shale per day. When air injection was introduced, capacity was
increased to about 8 tons. The Westwood plant built in 1941 uses a
closely sized feed and certain other improvements to obtain a 12 to 13
ton daily throughput. Although the capacity of the Scotty was increased
greatly over the years, it is difficult to contemplate producing a million
barrels of shale oil each day with retorts of 12 tons capacity.
The Scottish retort was highly regarded in its day and was used in
slightly modified form in many other countries, notably France, Aus
tralia, Sweden and Spain. Amazingly enough, the Spanish Pumpherstons
were built in 1955. Attempts also have been made to apply the process in
the United States, once in 1923 when the Bureau of Mines built a single
Pumpherston retort at Rulison. Colorado, and again in 1952 when a test
was made in a Swedish Rockesholm retort. The Rockesholm is the
Swedish version of the Pumpherston. The 1923 test probably was a
logical one at the time but some forthought would have avoided the
expense of the 1952 experiment.
These tests of the Scottish retort on Colorado oil shale point up a
fundamental problem in applying foreign oil shale experience to Colorado
oil shale. Retorts developed for one shale will not necessarily work on
another. The Pumpherston did not operate satisfactorily on Colorado oil
shale. The Bureau of Mines tried to retort a high-grade Mahogany Ledge
shale which coked in the retort and physically could not be processed by
the Scotty. In the 1952 tests in Sweden average grade (30 GPT) shale
was used. Colorado shale of this quality proved to be deficient in by
product fuel (gas and coke) when processed by the Rockesholm retort.
As noted previously all heat requirements must be met with by-product
fuels. One can afford neither to buy outside fuel nor to burn product oil.
Sweden
What of the Swedish oil shale retorting technology, probably the
most advanced in Europe? The Kvarntorp plant uses four different
retorting processes. We can dismiss the tunnel oven (similar to a brick
kiln) as outmoded even when it was adopted from Estonian technology
in 1941. The Rockesholm or the Swedish version of the Pumpherston
already has been discussed. The Bergh or Kvarntorp retort is distinctly
a Swedish development and has been promoted for use elsewhere. Like
the Pumpherston it has no application in the United States for similar
reasons. Probably most influencing is the fact that there is insufficient
coke in Green River spent shale to fuel the process. Also, its low
capacity, 1% tons Per ^aY-
woula'
rule it out from an economic standpoint.
The retort tubes are 9 inches in diameter.
The case of the Kvarntorp retort re-emphasizes the difference between
oil shales from different geological ages and different locales. Two-thirds
of the organic matter in Green River oil shale is converted to oil by
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pyrolysis. For Swedish shale the oil yield is less than 50 percent and
the coke yield is correspondingly higher. The Kvarntorp process was
designed to utilize the fuel value of the Swedish spent shale and fails when
the percentage of coke is insufficient.
Of great interest to technologists in the United States is the fact that
the Swedes have successfully produced shale oil in situ. Each of us who
has considered the problem of shale oil production has thought longingly
of some means of getting at the oil while leaving the rock in place. The
Swedes have done it can we use their method?
Unfortunately we cannot. The Ljungstrom method, as the Swedish
in situ retorting techinque is called, uses electricity as the source of energy
to heat the shale. While electrical resistance heaters do a fair job of
driving out the oil, electricity is far to expensive to be used even in
Sweden. But we must question other aspects of the method as applied
to oil shale in the United States. In the area where the Ljungstrom
method is applied, the oil shale is only a few feet beneath the surface and
is overlain by an impervious limestone cap. The shale also has an appre
ciable moisture content and is fractured along horizontal planes. Holes
are drilled 2 meters apart.
Consider a typical situation in Colorado where the overburden is
500 to 1000 feet thick. The oil shale is impermeable except for random
fractures, most of which trend vertically rather than horizontally. There
is no moisture to help create porosity and permeability. For these tech
nical reasons the Ljungstrom system is not feasible and it most certainly
would not be economical.
U.S.S.R.
Have we anything to learn from the Russian industry? From what
we can find out, the oil shale retorting technology as practiced in Estonia
still is pretty much pre-war. The retorts used are the tunnel oven, a
version of the Pintsch retort (a gas-producer type) and a slot-oven similar
to a conventional coke oven, used principally for gas production. Most
of the Soviet research effort on oil shale, which has been considerable,
seems to have gone into product improvement, particularly chemicals,
and not a great deal into new oil production techniques.
Although shale oil production is thought to have been expanded in
Russia in the post-war period, no published information has appeared on
new retorting methods that have been applied on an industrial scale. The
Gas Combustion process has been studied and may have been tested but
this is a development of the U. S. Bureau of Mines.
Manchuria
Perhaps the most successful oil shale operation in the world is the
one about which we know the least that in Manchuria. This industry
was developed by the Japanese prior to World War II and achieved suffi-
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cient production to be an important source of oil for the Japanese military
forces. The retort used by the Japanese was a large version of the
Pintsch gas-producer type.
The Fushun retort as we know it, comes nearer to meeting the require
ments for a U. S. oil shale industry than any process that has been
applied commercially. Its 180-ton-a-day capacity, its thermal self-suffi
ciency and simplicity of operation combine to make it the most practical
retort now in use. Indeed, the basic method of operation of the Fushun
retort (or the Pintsch, to give its predecessor some credit) is incorporated
in both the Union and Gas Combustion retorts. While it is true that
mining costs in Manchuria are low since the oil shale must be removed
in the mining of coal, the performance of the Fushun retort still is impres
sive in view of the fact that the shale yields only 15 gallons per ton.
New Retorting Methods
Research on retorting methods has been conducted during the post
war period in several countries. Sweden has done considerable work on
the application of fluid-bed technology to oil shale retorting. The Rus
sians in 1958 developed the design for a 500 ton-per-day retort similar
in principle to the Gas Combustion process. Scotland. Yugoslavia and
Brazil also have conducted pilot plant tests on the Gas Combustion process.
Brazil has developed a continuous vertical retort with a capacity of several
thousand tons a day. Pressure retorting was studied in Australia. In
France a molten metal was investigated as the heating medium for an oil
shale retort. In Germany retorts developed for coal distillation have been
tested on numerous oil shales.
It is difficult to evaluate the European research and development
activities on oil shale retorting. Few new ideas have evolved and shale
research generally has been under financed. Much of the research effort
has paralleled that in the United States. None of the work has lead to
new commercial processes.
An exception may be the Aspeco retort, now called the TOSCO retort.
This process, an invention of Olaf Aspegren of Sweden, has not been used
in that country but is being tested as a one-ton-per-hour pilot plant by
the Denver Research Institute under the sponsorship of The Oil Shale
Corporation. Recent announcements indicate the process is to be used
commercially in the United States.
Brazil's work may be of significance in this country. Brazil's oil shale
technology has been developed on a base provided by the work of the
U. S. Bureau of Mines. The large scale retort designed for Brazilian oil
shale also is applicable to oil shales in the United States. If Brazil goes
ahead with a prototype of its Petrosix process, oil shale retorting tech
nology in this country
will benefit.
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REFINING
When petroleum was discovered in 1859 shale and coal distillation
were established industries and it was not until the dawn of the 20th century
that petroleum became the dominent source of liquid fuels. The petroleum
industrv adopted the methods of the shale and coal oil refineries and
ultimately from them came the sophisticated technology by which crude
oil is converted into myriad complex fuels and chemicals.
Now the shale oil refiner must turn to petroleum refining technology.
The methods applied in the past to refine shale oil, and still used by most
existing shale industries, cannot meet the requirements of our market
place economically or qualitv wise. Our own petroleum industry is
the most advanced in the world and, fortunately, has the background to
build better shale oil refineries than have ever existed before.
Hydrogenation is considered by most refining technologists to be
required for modern day shale oil refining. Shale oil has been hydro-
genated commercially both in Germany and in Spain bv the Bergius
process which also was used to hydrogenate coal. Although high quality
products can be obtained using the Bergius process, its extremelv high
pressures make this refining method expensive. Hydrogenation processes
operating at lower pressures are now in use in the petroleum industry.
These processes also can be used to refine shale oil.
IN CONCLUSION
Most of the world's oil shale industries have long ago declined from
their peak of production and efficiency. In some instances their salvation
has been subsidy. In all cases the industries are small compared with
that envisoned for this country. None of the existing technology mining,
retorting or refining is directly applicable for shale oil production in
the United States.
In developing a technology to meet the requirements of an oil shale
industry in the United States, we must challenge our ingenuity, imagina
tion and engineering ability. For mining we must take the best practice
of today and improve on it. To retort oil shale we have a start with the
two or three methods developed during the last 15 years, but improvements
are sure to come with commercial application. For refining we have the
most highly developed technology ever to grow out of the industrial age.
Our task of creating an oil shale industry, conceivably the largest
industrial development of this half century, will not be easy, but we have
the basic tools and the task can be accomplished.
OIL SHALE AND THE DEPLETION ALLOWANCE
John B. Tweedy
The purpose of this paper is to summarize the current state of Federal
Income Tax Law with respect to oil shale. In 1958 this subject was ably
treated by Messrs. Shepherd, Lawrence and Pagter of the Union Oil
Company of California, in an article entitled Income Tax Aspects of Oil
Shale Operations, published in Prentice Halls Oil & Gas Taxes. Although
many of you are familiar with that article, I would like to review briefly
its conclusions as a point of departure before embarking on a discussion
of the significant changes in the law which have taken place since its
publication.
First, a word or two about historical background. From the passage
of the first income tax act in 1913 until the 1930s, Congress vacillated
between percentage and cost depletion, with the percentage depletion
finally emerging as the more practical of the two methods.
Here it is interesting to recall the reasons which prompted Congress
to adopt percentage depletion in the case of metal mines. In offering an
amendment to the 1928 Revenue Act which would substitute percentage
depletion for the so-called discovery value method then in effect. Mr.
Arentz argued as follows :
The outstanding advantages of the amendment are that without materially
affecting the public revenue it provides a simple, equitable, and definite
method of computing the depletion allowance that permits of the prompt
and final determination of the tax liability. It eliminates for the future the
analytical appraisal of metal mines with attendant technical complexities.
It means a great saving of expense to the Government as well as the tax
payer.
* * *
The same reasoning had caused Congress to adopt the 27% percent
depletion rate for oil and gas in the Revenue Act of 1926.
By 1954, the statutory framework governing the application of deple
tion had matured into a well-developed system of intricate rules. Earlier




Commencing with the Revenue Act of 1934. Congress began to elabo
rate on the basis against which percentage depletion was to be applied.
In that act "Gross Income from
Property"
was first defined to mean
gross income from mining. Mining in turn was defined to include not
Partner, Tweedy,Mosley, Sullivan & Young.
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merely the extraction of the ores or minerals from the
ground but also
the ordinary treatment processes normally applied by mine owners or
operators to obtain the commercially marketable
mineral product or
products. Under the 1954 Code, as originally enacted, the term "ordinary
treatment
processes"
expressly included the following:
(A) In the case of coal cleaning, breaking, sizing, dust allaying, treat
ing to prevent freezing, and loading for shipment ;
(B) in the case of sulfur recovered by the Frasch process pumping to
vats, cooling, breaking, and loading for shipment;
(C) in the case of iron ore, bauxite, ball and sagger clay, rock asphalt,
and minerals which are customarily sold in the form of a crude mineral
product sorting, concentrating, and sintering to bring to shipping grade
and form, and loading for shipment;
(D) in the case of lead, zinc, copper, gold, silver, or fluorspar ores, pot
ash, and ores which are not customarily sold in the form of the crude
mineral product crushing, grinding, and beneficiation by concentration
(gravity, flotation, amalgamation, electrostatic, or magnetic), cyanidation,
leaching, crystallization, precipitation (but not including as an ordinary
treatment process electrolytic deposition, roasting, thermal or electric smelt
ing, or refining), or by substantially equivalent processes or combination
of processes used in the separation or extraction of the product or products
from the ore, including the furnacing of quick-silver ores ;and
(E) the pulverization of talc, the burning of magnesite, and the sintering
and nodulizing of phosphate rock.
The listed processes were not deemed to be exclusive.
The statutory definitions were soon supplemented by judicial inter
pretation. Black Mountain Corporation1 construed "commerciallv mar
ketable mineral
product"
as "first commercially marketable mineral
product."
In United States v. Cherokee Brick & Tile
Co.,2
the Fifth
Circuit held that if the first commercially marketable product is also the
final product, then this is the point at which depletion is calculated.
This test was adopted by the First Circuit in Dragon Cement v. United
States3
and by the Tenth Circuit in United States v. Sapulpa Brick and
Tile
Corp.4 In other cases, it was held that commercially marketable
meant commercially marketable at a
profit.5
This, in general, was the state of the law when Messrs. Shepherd, et al.,
reached the conclusion that "ordinary treatment
processes"
included at
least the retorting of crushed shale. They reasoned that although retorting
of oil shale did not fall within any of the listed categories, it would be an
ordinary treatment process applied by a mine owner to obtain the first
commercially marketable mineral product.
By 1959, the Treasury had all but given up hope of winning before
the courts. It believed that the clay and cement industries had extended
the meaning of the existing statutes beyond reason and accordingly
sought relief in Congress. It proposed legislation which would delete the
M1954) 21 T.C 746,757.
2 (5th Cir. 1955) 218 F. 2d 424
3(lst Cir. 1957) 244 F. 2d 513, Cert. Denied (1937)
4(10th Cir. 1956) 239 F. 2d 694
^United States v.CanneltonSew^ Pipe Co. (7th Cir. 1959) 268 F. 2d 334; Commissioner v. Iowa Limestone
(8th Cir. 1959), 269 F. 2d 398
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"ordinary treatment
process"
language and give it sole jurisdiction to
determine what processes were to be treated as mining by making the
statutory list exclusive, except in cases prescribed by the Secretary. In
1958 it attempted without success to get passed a bill aimed specifically
at the clay and cement industries. In 1959 it submitted a new bill cover
ing all minerals. The House Ways and Means Committee held hearings
in 1959 but took no action because of the action of the Supreme Court
in granting certiorari in the Cannelton case. Much to the surprise of the
mining industry on June 20, 1960, one week before the Supreme Court's
decision in the Cannelton case, the Senate passed as an amendment to the
Public Debt and Tax Rate Extension Act the Treasury Department's 1959
proposal. Although a new amendment was substituted in the Conference
Committee, the final bill was a striking victory for the Treasury Depart
ment. It eliminated from Section 613(d) (2) the words
"ordinary"
and
"normally applied by mine owners or operators in order to obtain the
commercially marketable mineral product or
products."
These and other
changes had the effect of making the listed processes exclusive except
where allowed under Section 613(c)(4)(H). The categories remained
much the same as in the 1954 Act except that (1) Section 613(c) (4) (D)
has been broadened to cover
"minerals"
as well as "ores", (2) the two
new sections have been added to cover cement and clay, (3) the Secretary
has been authorized to designate other treatment processes, and (4) Sec
tion 613(c) (5) which excludes certain processes, including "treatment
effecting a chemical had been added. For convenience, Section
613 (c) is set forth in full as Exhibit A to this paper.
What treatment may oil shale expect under the Gore Amendment?
1. It is no longer possible to argue that retorting is an ordinary
treatment process applied by a mine operator or owner to obtain a com
mercially marketable process.
2. Retorting is not expressly covered in the present statute.
3. It is possible to argue with merit that retorting falls within that
portion of Section 613(c) (4) (D) which reads as follows:
(D) ... in the case of . . . minerals which are not customarily sold in the
form of the crude mineral product crushing, grinding, and beneficiation
by concentrating ... or by substantially equivalent processes or combina
tion of processes used in the separation or extraction of the product or
products from the mineral or minerals from other material from the mine
or other natural deposit.
Notwithstanding the logic of the foregoing argument, the Treasury
Department has issued a private ruling that "retorting of oil
shale"
is not
considered as mining under the provisions of Section 613(c)(5) (sic),
Internal Revenue Code of 1954. While the ruling itself does not impress
the reader as a well considered one, it nevertheless reflects the current view
of the Treasury Department.
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This would mean that unless the Treasury Department takes
another
look at oil shale and Section 613(c)(4) or unless Congress sees fit to
adopt another provision specifically designed to
cover oil shale, the oil
shale operator must reconcile himself, not to a depletion allowance
measured by 15 percent of the value of the retorted oil, but instead to a
rate ranging somewhere between 8 percent and 10
percent depending upon
the ratio of mining and related costs to retorting
and related costs.
This sobering thought immediately prompts the question: what are
the chances of persuading (1) Treasury to modify its views, or (2) Con
gress to adopt a special provision under Section 613(c) (4) ?
The arguments in favor of such changes are persuasive :
First. Shale oil properly can be said to come within the intent of
Congress in framing Section 613(c)(4)(D) as one of the "minerals
which are not customarily sold in the form of the crude mineral
It can be strongly urged that retorting is a substantially equivalent
process . . . "used in the separation or extraction of the product or prod
ucts from the mineral or minerals from other material from the mine or
other natural
deposit."
Second. Retorting does not properly come within the specifically
excluded processes set out in Section 613(c) (5). As was so ably pointed
out by Mr. Shepherd and his associates in 1958, and notwithstanding the
position of the Treasury Department to the contrary, retorting and
smelting are not equivalent processes. Nor should retorting be regarded
as a "treatment effecting a chemical
change"
within the meaning of Sec
tion 613(c)(5). The "chemical involved in retorting shale to
extract kerogen is not the same as the chemical change involved in turning
an ore into a refined metal, or in kilning the mineral itself to get a manu
factured product, as for example in the production of tile or refractory
products. The retorting process does not turn an ore into a finished
product, but instead separates the desired mineral from waste material.
Therefore from a careful reading of Section 613(c) it can be said
that the Treasury Department can consider the retorting of oil shale as
a treatment process considered as mining without stretching the existing
statutory language.
If Treasury cannot be persuaded that retorting comes within existing
language, the Secretary is empowered to provide by regulation that
retorting is a treatment process considered as mining under Section
613(c)(4)(H). Policy reasons for such regulation are compelling. In
the first place to do otherwise would be to disregard the basic objective
of percentage depletion which is administrative convenience. Obviously,
the artificial computation of retorting costs must vary in every case and
indeed from year to year. These computations are complex and must
involve a series of judgment decisions. In the second place, different
retorting techniques must result in different depletion allowances. The
most extreme example would be the differences between the depletion
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allowance accorded the operator using an in situ method and the operator
using a gas combustion type of retort. Lesser but nevertheless real differ
ences in depletion allowance would exist between the user of the Tosco
process and the gas combustion type retort.
To do otherwise would be to flaunt the intent of Congress so ably
expressed by Senator Byrd when he explained the purpose of Section
613(c) (4) with the following language (Cong. Rec. p. 14514) :
The conference agreement also adds a new subparagraph (H) to provide
administrative flexibility in the application of this provision by providing
that the Secretary or his delegate may by regulation provide for the allow
ance of any other treatment process which is not specifically denied in the
other subparagraphs of paragraph (4) . Your Committee hopes that the
Secretary will use this subparagraph to equalize treatment insofar as pos
sible under the different processing techniques and with respect to competi
tive minerals.
Finally, if Treasury cannot be persuaded to view the retorting of oil
shale as falling within the provisions of Section 613(c) (4) or to adopt
regulations to so provide under Section 613(c)(5), Congress should be
asked to amend the provisions of Section 613(c) to provide expressly
for retorting of oil shale. In making this request, the industry need not
worry about asking Congress to extend special treatment to a totally new
process. In granting similar treatment to the furnacing of quicksilver
Congress has already recognized as mining an almost identical treatment
process.
In closing it can be said the Treasury Department has the power to
treat retorting as mining within the
framework of existing legislation and
that there are compelling reasons for such treatment.
EXHIBIT A
[Sec. 613(c)!
(c) Definition of Gross Income From Property. For purposes of this
section
(1) Gross income from the property. The term "gross income from the
property"
means, in the case of a property other than an oil or gas well, the
gross income from mining.
(2) Mining. The term
"mining"
includes not merely the extraction of
the ores or minerals from the ground but also the treatment processes consid
ered as mining described in paragraph (4) (and the treatment processes neces
sary or incidental thereto), and so much of the transportation of ores or minerals
(whether or not by common carrier) from the point of extraction from the
ground to the plants or mills in which such treatment processes are applied
thereto as is not in excess of 50 miles unless the Secretary or his delegate finds
that the physical and other requirements are such that the ore or mineral must
be transported a greater distance to such plants or mills.
(3) Extraction of the ores or minerals from the ground. The term
"extraction of the ores or minerals from the
ground"
includes the extraction
by mine owners or operators of ores or minerals from the waste or residue of
prior mining. The preceding sentence shall not apply to any such extraction
of the mineral or ore by a purchaser of such waste or residue or of the rights
to extract ores or minerals therefrom.
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(4) Treatment processes considered as mining. The following treat
ment processes where applied by the mine owner or operator shall be
consid
ered as mining to the extent they are applied to the
ore or mineral in respect
of which he is entitled to a deduction for depletion under section 611:
(A) In the case of coal cleaning, breaking, sizing, dust allaying,
treating to prevent freezing, and loading for shipment;
(B) in the case of sulfur recovered by the Frasch process cleaning,
pumping to vats, cooling, breaking, and loading for shipment;
(C) in the case of iron ore, bauxite, ball and sagger clay, rock asphalt,
and ores or minerals which are customarily sold in the form of a crude
mineral product sorting, concentrating, sintering, and substantially equiva
lent processes to bring to shipping grade and form, and loading for ship
ment;
(D) in the case of lead, zinc, copper, gold, silver, uranium, or fluor
spar ores, potash, and ores or minerals which are not customarily sold in the
form of the crude mineral product crushing, grinding, and beneficiation by
concentration (gravity, flotation, amalgamation, electrostatic, or magnetic).
cyanidation, leaching, crystallization, precipitation (but not including electro
lytic deposition, roasting, thermal or electric smelting, or refining ) , or by
substantially equivalent processes or combination of processes used in the
separation or extraction of the product or products from the ore or the
mineral or minerals from other material from the mine or other natural
deposit ;
(E) the pulverization of talc, the burning of magnesite, the sintering
and nodulizing of phosphate rock, and the furnacing of quicksilver ores;
(F) in the case of calcium carbonates and other minerals when used
in making cement all processes (other than preheating of the kiln feed)
applied prior to the introduction of the kiln feed into the kiln, but not
including any subsequent process;
(G) in the case of clay to which paragraph (5) (B) of subsection (b)
applies crushing, grinding, and separating the mineral from waste, but
not including any subsequent process; and
(H) any other treatment process provided for by regulations pre
scribed by the Secretary or his delegate which, with respect to the particular
ore or mineral, is not inconsistent with the preceding provisions of this
paragraph.
(5) Treatment processes not considered as mining. Unless such proc
esses are otherwise provided for in paragraph (4) (or are necessary or incidental
to processes so provided for), the following treatment processes shall not be
considered as "mining": electrolytic, deposition, roasting, calcining, thermal or
electric smelting, refining, polishing, fine pulverization, blending with other
materials, treatment effecting a chemical change, thermal action, and molding or
shaping.
STATUS OF UNPATENTED CLAIMS
Richard M. Schmidt, Jr.
On April 17. 1964, the Secretary of Interior announced the issuance
of a legal opinion rejecting patent applications for more than 200 oil
shale mining claims on the Colorado Plateau.
According to the press release of the Department of Interior. Secretary
Udall stated, and I quote :
. . . that his department intends to move in an 'orderly and expeditious
to develop a program for the utilization of the oil shale resource in the
Colorado Plateau, and he asserted that the disposal of the pending claims
would help 'clear the for action.
Udall stated that Interior personnel had been directed to 'use all available
procedural shortcuts and to cooperate on any procedural steps with claim
ants, or groups of claimants to insure the earliest possible disposition of
all oil shale
clai s.'
Secretary Udall further states:
. . . and as long as invalid claims are not ruled upon and disposed of, no
intelligent consideration of conservation and development can be undertaken.
I might add parenthetically that I think the Secretary could well have
said, also, as long as
"valid"
claims remain unruled upon and disposed of.
The same press release also quotes the Solicitor of the Department of
Interior as follows:
Solicitor Barry said the decision 'removes the cloud on the government's
ownership of these
lands.'
I sincerely wish, in the interest of development of an oil shale industry,
that I could agree with the statements contained in the press release made
by the Secretary of Interior and his Solicitor. Unfortunately, the facts
of the matter do not bear out these statements.
Prior to the date of the Mineral Leasing Act (February 25. 1920).
it was possible to file a mining location for oil shale placer claims under
the mining laws of the State of Colorado and the United States. Many
such claims were filed in the years 1910 through 1920, and particularly
in an area throughout western Colorado covered by oil shale and known
as the Green River Formation. The largest number of these claims were
located in the Piceance Creek Basin in Rio Blanco and Garfield Counties,
Colorado. The Mineral Leasing Act recognized existing claims but pre
cluded the filing of additional claims.
Attorney, Schmidt and Van Cise, Denver, Colorado.
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On February 16, 1962, some 17 decisions covering approximately 265
oil shale patent applications were issued by Dale R. Andrus, Land Office
Manager of the Colorado Land Office. These decisions rejected patent
applications covering 265 claims located in Garfield and Rio Blanco
Counties, Colorado.
These decisions were based upon contests filed against these claims
and practically all other oil shale claims in western Colorado during the
years 1929 and 1930 charging failure to perform annual assessment work.
The decision rejecting these applications contends that the administrative
action was final and that estoppel by adjudication and res judicata apply
and that the Commissioners decisions as a result of these various contests
must be regarded as conclusive.
These 17 decisions then recite that the Supreme Court of the United
States, ruling in Ickes v. Virginia-Colorado Development Corp., 295 U.S.
639 (1935), and The Shale Oil Company, 55 I.D. 287 (1935), in no way
affect the conclusiveness of the administrative action in these various
contests. It also states that the letter of July 29, 1935, from the Commis
sioner of the General Land Office to Register, Denver, Colorado, contain
ing instructions to close such contests involving the charge of failure to
perform assessment work was also of no effect.
As stated by the U. S. Supreme Court in the Ickes case, supra, "Under
Section 2324 of the Revised Statutes (U.S.C. Title 30, Section 28). the
owner is required to perform labor of the value of $100 annually, but a
failure to do so does not ipso facto forfeit his claim, but only renders it
subject to loss by relocation. The law is clear 'that no relocation can be
made if work be resumed after default and before such
relocation.'
Thus,
prior to the passage of the Leasing Act of 1920, the annual performance
of labor 'was not necessary to preserve the possessory right, with all the
incidents of ownership above stated, as against the United States, but
only as against subsequent relocaters. So far as the Government was
concerned, failure to do assessment work for any year was without effect.
(Emphasis supplied.) Whenever $500 worth of labor in the aggregate
had been performed, other requirements aside, the owner became entitled
to a patent, even though in some years annual assessment labor had been
omitted.'
Wilbur v. Krushnic, 280 U.S. 306 (1930), 74 L.Ed. 445, 50
S.Ct. 103,
supra."
The U. S. Supreme Court then went on to state concerning the chal
lenges filed against these claims for failure to do assessment work, "We
think that the Department's challenge, its adverse proceedings, and the
decision set forth in the bill went beyond the authority conferred by
law."
Since the Ickes decision in 1935, the Department of the Interior has
recognized the ruling of the court therein and has granted patents cover
ing thousands of acres of oil shale claims in western Colorado, even
where such claims were challenged as shown during the years 1929 and
1930. If the Department's present decisions are allowed to stand, it is
my opinion that patents previously issued are in jeopardy.
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Section 1166 of Title 43, U.S.C.A., states:
Limitations of suits to annul patents. Suits by the United States to vacate
and annul any patent shall only be brought within six years after the date
of the issuance of such patents.
This statute was part of the Act ofMarch 3, 1891.
Therefore, all patents issued within the last six years which had claims
subject to the contests described are subject to recovery by the Govern
ment, and all patents involved in such contests which were issued prior
to said six-year period could be subject to attack by the Government
through suit to recover the value of the land procured from it through
mistake. The annotations on Section 1166 of Title 43 clearly state that
the object of the satute is to extinguish any right the Government may
have in the land and vest a perfect title in the adverse holder after six
years from date of the patent, regardless of any mistake or error in the
Land Department or fraud or imposition of the patentee. They cite many
decisions, commencing with U. S. v. Winona and St. P. R. Co. (1897)
17 S.Ct. 368, 165 U.S. 463, 41 L.Ed. 789. They also cite other cases,
however, which hold that this section does not apply to a suit by the
United States to recover the value of land erroneously patented. Union
Coal and Coke Company v. U. S. (Colo. 1917), 247 F. 106, 159 CCA.
324. U. S. v. Jones (Ore. 1917), 242 F. 609, 155 CCA. 299. These and
other cases clearly hold that the Government is entitled to sue for the
value of land procured from it through mistake or fraud, although suits
to cancel patents would be barred under the Statute of Limitations Sec
tion, as cited. As stated in U. S. v. Minor, 114 U.S. 233, the principle has
been that a radical mistake by the officers of the Land Department gov
erning the disposition of the public lands has always been held to
be
subject to remedy in a court of equity. As stated as early as 1864 by the
Supreme Court of the United States in Stone v. U. S., 69 U.S. 525, the
United States may properly proceed by Bill in Equity to have a Judicial
Decree of Nullity and an Order of Cancellation of a Patent issued by
itself, ignorantly or in mistake, for lands reserved from sale by law, and
a grant of which by patent was, therefore, void.
The Department of the Interior could adopt the view that the patents
previously issued under these
circumstances were issued by mistake, for
either the Department was wrong at the time of the issuance of
those
patents or it is wrong now.
The United States may maintain suit to vacate patents
issued through
error and mistake. Southern Pacific R. Co. v. U. S., 51 F. 2d 873. Certi
orari denied 284 U.S. 675 (1931) .
It is our view as title examiners in the State of Colorado that we will
be forced to note on all title opinions concerning oil shale patents that,
if the Department of Interior's present decisions as outlined on February
16, 1962, and April 17, 1964, are allowed to stand, all the patents here
tofore issued with a history of such contests could be subject to suit by
the Government to recover the land or the value thereof.
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The gross inconsistency of the position of the Department of Interior
in issuing the February 16, 1962, and April 17, 1964. decisions is shown
by the following quotations from a brief filed by the United States Depart
ment of the Interior, on January 10, 1961, where the Department, after
reciting the fact that the particular shale claims involved
in the contest
had been charged in Contest No. 12588 for failure to do assessment work
for the year ending July 1, 1930, then states in the brief which is on file
in said contest, and we quote verbatim :
Pursuant thereto the Commissioner of the General Land Office on October
15, 1931, declared the claims null and void as to the interest of the seven
parties who were served.
On September 6, 1935, a letter from the Register to the Commissioner of the
General Land Office indicated that Contest No. 12588 had been closed.
Of course, it is the case here that this proceeding was without authority as
the Supreme Court later decided in the Ickes v. Virginia-Colorado Land
Development Corporation, 295 U.S. 639 (1935).
Here we have the Solicitor of the United States Department of the
Interior admitting by pleadings as recently as January 10, 1961, that
these 1929 and 1930 proceedings were without authority as the Supreme
Court decided in the Ickes case.
The Solicitor goes on to state in this same brief:
It has traditionally been the position of the Department of the Interior under
30 U.S.C. Sec. 28 that the failure to do assessment work merely opened land
to relocation and that the Government could not cancel entries for this
ground. See P. Wolenberg, 29 L.D. 302 (1899). However, since oil shale
lands had been withdrawn from further location by the Mineral Leasing Act,
it was contended that the Department stood in the shoes of a relocater and
on failure to
'maintain'
the oil shale claims in accordance with the law,
i.e., failure to do assessment work, such claims could be forfeited to the
Government. See Emil Krushnic, 52 I.D. 282 (1927). This position was
challenged in the case of Wilbur v. U. S. ex ret Krushnic, 280 U.S. 306
(1930). The Supreme Court there held that failure to do assessment work
could not be challenged by the Government following the resumption of
work. Thereafter the Department of the Interior continued to take the
position that the failure to do assessment work would constitute cause for
the forfeiture of mining claims. See Instructions 53 I.D. 131 (1930). How
ever, this decision was once again questioned in the courts and was resolved
in the Ickes v. Virginia-Colorado Land Development Corporation case, supra,
in which the Supreme Court held that the Department of the Interior had
no authority to bring such a charge against an oil shale claim. Subsequently,
as is indicated in Oil Shale Company, 55 I.D. 287 (1935), all of the decisions
declaring claims null and void for failure to do assessment work were closed.
Once again, we repeat that this is the language of the Solicitor of the
Department of the Interior set forth in a brief filed January 10, 1961.
Further legal authority as to the possible placement of previously
issued patents in jeopardy is shown in the case of United States v. Jones,
242 F. 609, where it is stated:
In Southern Pacific Railroad Co. v. United States, 200 U.S. 341, the court
affirming this court in Southern Pacific R. Co. v. United States, supra, held
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that where a tract of land had been conveyed by mistake, and the vendee
prior to the discovery of a mistake conveys to a bona fide purchaser, the
original owner is not limited to a suit to cancel the conveyances and re
establish his own title, but may elect to confirm the title of the innocent
purchaser, and recover of his own vendee the value of the land up to at
least the sum received by him.
From these authorities, the rule is not to be doubted that equity will afford
relief by sustaining bills charging mistake on the part of the land officials
of the United States in issuing patents, and fraud on the part of the entry-
men of public lands to whom patents have been issued under circumstances
such as are alleged in the present case. We fail to perceive why the Govern
ment may not elect to ratify the patents and to sue at law for the value of
the lands. (Citing many cases.)
The case goes on to state :
The patents involved in this action were issued in 1902, but the action was
not instituted until 1912.
The case further states :
We agree with the District Court in holding that the Government is not
bound by any Statute of Limitations unless Congress has clearly manifested
its intention that it shall be so bound, and that the Government may sue to
recover the value of land procured from it through mistake or through
fraud, waiving any right of action it may have had for annulment of the
patent. Citing U. S. v. Chandler Dunbar Co., 209 U.S. 447, and many other
cases.
On April 17, 1964. in the case of Union Oil Company of California,
et al. (A-29560), the Solicitor of the Department of Interior issued an
opinion affirming the decisions issued on February 16, 1962. It is stated
in the opinion that the Secretary assumed supervisory jurisdiction because
of the importance of the issues involved and assigned the case to the
Solicitor for final decision.
The Solicitor then proceeds to sustain the previous decisions of the
BLM. He cites the history of the contests being initiated in the late '20's
and early '30's charging failure to do annual assessment work and he
states :
However, in Ickes v. Virginia-Colorado Development Corporation, 295 U.S.
639 (1935), the Supreme Court declined to accept die Department's theory
that oil shale claims could be canceled where assessment work was delinquent
and had not been resumed. The Court said the decision of the Department
in canceling these claims '. . . went beyond the authority conferred by
law.'
295 U.S. 647.
Shortly thereafter the Department issued its decision in The Shale Oil Com
pany, 55 I.D. 287 (1935), which recalled and vacated the Departmental
decision in Virginia-Colorado Development Corporation, 53 I.D. 666 (1932),
and held that all other Departmental decisions and instructions which were
inconsistent with the decision of the Supreme Court were
'overruled.'
The
early decisions canceling the claims now being considered were never re
opened, recalled, or vacated in proceedings followings The Shale Oil Com
pany, supra.
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Please note the language of the Solicitor's opinion stating, "and held that
all other Departmental decisions and instructions which were inconsistent
with the decision of the Supreme Court were
"
The exact
language in The Shale Oil Company case, supra, is. and I quote:
The above-mentioned decision of the Department in the Virginia-Colorado
Development Corporation case and the instructions of June 17, 1930, are
hereby recalled and vacated. The above-mentioned decisions in the cases of
Francis D. Weaver and Federal Oil Shale Company and other Departmental
decisions in conflict with this decision are hereby overruled. The Commis
sioner's decision is reversed, and the record in the case remanded, with
instructions to reinstate the application and entry in toto and dispose of the
same unaffected by the default in the performance of assessment labor, and
if all else is found regular, to clear list the application for patent.
Once again, please note the language:
. . . and other Departmental decisions in conflict with this decision are
hereby overruled.
The Solicitor's opinion then goes into a very interesting piece of legal
gymnastics. It states:
The language in The Shale Oil Company case distinguishes those cases
actually before the Secretary from those which were not. As to the former,
the Commissioner's decisions canceling the claims were expressly recalled
and vacated. The latter were merely
'overruled.'
The Solicitor contends that it was the duty of the claimants to take
further affirmative action even after the United States Supreme Court
had held that the Department of Interior was without authority to com
mence these actions. Remember, once again, the Supreme Court's lan
guage, which is :
We think that the Department's challenge, its adverse proceedings, and the
decision set forth in the bill went beyond the authority conferred by law.
295 U.S. 643.
The Solicitor contends that it was then the obligation of the shale claim
ants to petition the Secretary to exercise his supervisory authority to
recall and vacate the Land Commissioner's cancellation of the claims, or
they could have sought relief in the courts. He states that this was abso
lutely necessary "unless it was clearly shown that the decision of the
Department was void ab
initio."
I submit that the Supreme Court's state
ment in the Ickes v. Virginia-Colorado Development case that the decision
of the Department ". . . went beyond the authority conferred by
law."
would be a classic definition of the Latin term "ab
initio"
as it is used
in law.
The Solicitor contends in his decision that the claimants have acqui
esced in these decisions for over 25 years. To the contrary, it is the
Department of Interior which, up until February 16, 1962, acquiesced in
the decision of the Supreme Court of the United States.
The proof of this is shown in the Solicitor's own decision wherein he
attaches six documents which were submitted by appellants as evidence
of the Department of Interior's position since the Ickes case. These, I
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might add, were not the only such exhibits submitted by appellants nor
are they the only such exhibits in existence. The Department of Interior's
files are replete with them.
On April 22, 1936, Ida Dere of Grand Valley. Colorado, wrote to the
Commissioner of the General Land Office in Washington, D. C, and
inquired as to the effect of the Supreme Court decision in the Ickes v.
Virginia-Colorado Development case on the Lucy Agnes Nos. 1 and 2 oil
shale placer claims, which had been declared null and void by the Land
Office in Washington on August 18. 1933. because of failure of the owners
of the claims *"to file answer denying the charge that annual assessment
work had not been performed on the claims for the year ending July 1,
1929. and that work had not been since
resumed."
The Lucy Agnes
charge was identical to the charges in the claims covered by the Solicitor's
decision of April 17. 1964.
In reply, as shown by Appendix C-3 of the Commissioner's decision,
the then Commissioner of the General Land Office, United States Depart
ment of Interior, on May 4, 1936, replied as follows:
Madam: Replying to your letter of April 22, 1936, you are advised the
records of this office show that the Lucy Agnes Nos. 1 and 2 oil shale
placers were declared null and void by this office on August 18, 1933,
because of failure of the owners of the claims to file answer denying the
charge that annual assessment work had not been performed on the claims
for the year ending July 1, 1929, and that work had not been since resumed.
On June 3, 1935, the Supreme Court of the United States held in the case
of Ickes v. Virginia-Colorado Development Corporation that the oil shale
placer claimant, a party in that case, lost no rights by failure to do annual
assessment work on its claims and that such failure gave the Government
no right to declare the claims null and void. It further held that proceed
ings brought by the Government based solely on such a charge went beyond
the authority conferred by law and did not affect the validity of the claims.
In view of this holding of the Supreme Court, this office considers that it
would be unnecessary to revoke its previous decision holding the Lucy Agnes
claims to be null and void. The decision being without authority of law is
without any effect on the title arising from the location of the claims.
Also attached are letters to interested parties setting forth the same
identical position of the Department on July 4, 1944, and at numerous
other times since 1935. One of the most interesting is a letter of October
31. 1936, from Charles West, Acting Secretary of the Interior, to the
Honorable Secretary of the Navy. It states :
My dear Mr. Secretary: Reference is made to the letter of November 1, 1936,
of Secretary Ickes, containing a list of oil shale placer mining claims with
descriptions of the land involved, situated within naval oil shale reserve
Nos. 1 and 3 in Colorado and No. 2 in Utah, involved in adverse proceedings,
and the status of each case.
The adverse proceedings involving all of the said claims were based upon a
charge that annual assessment work had not been performed upon the claim
or claims involved for a stated assessment year and that work had not been
resumed thereon. You were informed in the above-mentioned letter that
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certain claims had been declared null and void in their entirety and others
had been declared null and void to the extent of the interests of the parties
served with notice, and that further action in all pending cases involving
the question of assessment work on oil shale placers was suspended in this
office pending the final decision in the courts upon the matter of the
authority of this Department to attack the validity of oil shale placer claims
upon the grounds stated.
On June 3, 1935, the Supreme Court, in the case of Ickes v. Virginia-
Colorado Development Corporation, held that the United States is without
authority to challenge the validity of an oil shale placer claim on account
of failure to perform the annual assessment work, or to resume work,
thereon. All previous action taken upon charges in the cases referred to
therefore is without effect and void. The status of the claims so far as this
Department is concerned is that they are subsisting claims which, if located
on valid discoveries of mineral by qualified locaters, segregate the land
against its subsequent withdrawal for naval oil shale reserves unless the
claims have been abandoned.
Sincerely,
Charles West
Acting Secretary of the Interior
In case you feel that you are confused at this point, let me state that
these letters that I have quoted to you are attached to the Solicior's
opinion wherein he completely reverses the previously stated position of
the United States Government.
The Solicitor did not include all of the official records of the Depart
ment of Interior which reflect this identical attitude.
I think you must agree with me that it is not the claimants who have
acquiesced in this position that is now being sought by the Solicitor, but
the Government has informed its citizens that it agreed with the Supreme
Court and that these citizens relied thereon until it reversed its field
completely on February 16, 1962. The Solicitor, incidentally, proceeds
around this issue by claiming that the people involved weren't aware of
these letters and certainly didn't rely on them. Nothing could be further
from the truth. These and all other shale claimants in Western Colorado
were well aware of the Departmental attitude and interestingly enough one
of the parties involved in this action was closely identified with the
Federal Shale Oil Company, which is mentioned in The Shale Oil Com
pany case, and he was most certainly aware of the Departmental attitude.
You may well ask, what is the status of unpatented shale claims in
Colorado, and I would have to answer,
"confused,"
to say the least. It is
my contention that the Secretary, by the issuance of the Solicitor's opinion,
together with certain new rules which completely re-write the law of dis
covery concerning oil shale in Colorado, has opened a Pandora's box of
litigation.
I think a possible cloud is cast upon the title of some 70,000 acres of
patented oil shale lands in the State of Colorado, and I feel severe road
blocks have been thrown in the path of developing an oil shale industry
in our state.
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It had been our understanding, and of the members of the Colorado
Congressional delegation, that, if an adverse ruling to the claimants were
to be presented, all issues that would be raised by the Government would
be wrapped up in one package. As it now stands, the claimants are in
the unenviable position of having to spend thousands of dollars and hours
of time in appealing the Solicitor's opinion of April 17, 1964, through
the courts. If the claimants are successful, all they will succeed in doing
is returning for further action in the Department of Interior against these
claims, which we presume will be charges and contests alleging (1) lack
of discovery, (2) abandonment, and (3) any other miscellaneous charges
that someone is capable of dreaming up and instituting. The new Depart
mental regulations contained in a memorandum of April 17, 1964, to the
Director of the Bureau of Land Management attempts to completely
rewrite the law of discovery as it pertains to oil shale. Among other
things, it is stated:
In further contest proceedings, the Bureau will raise the question of the
economic or commercial value of oil shale, as of the time the claims were
located, as one of the elements in the application of the standard test of
discovery discussed above. The lack of any economically or commercially
feasible method of extraction and production of shale oil from oil shale is
a relevant, although not necessarily decisive, consideration in determining
whether a discovery was made. In this regard, the mere showing of an
outcrop of the Mahogany Ledge, in circumstances which heretofore have
provided the basis for patent, will no longer be accepted as prima facie
evidence of compliance with the requirements of the mining laws.
I submit, gentlemen, this is a fantastic statement. The Mahogany
Ledge, the richest of all oil shale veins, will no longer even be considered
as "prima
facie,"
much less conclusive, evidence of discovery of a valu
able mineral. This is a complete repudiation of the doctrine of Freeman
v. Summers (52 I.D. 201, 1927), which has been relied upon by oil shale
claimants in the State of Colorado and under which decision thousands
of acres of land have been patented. This is the decision that Northcutt
Ely stated settled the problem of discovery on oil shale lands in the State
of Colorado once and for all. Little did he know that in 1962 the Depart
ment would do a complete about-face and throw all the standard and
existing rules out the window
and start all over again.
On April 23, 1930, fourteen prominent mining attorneys in Denver,
Colorado, addressed the following letter to the United States Department
of the Interior :
Even in the past the obstacles, delays and heavy expense, which have been
encountered in practice by oil-shale placer claimants have forced a general
feeling in this region that it has been the policy of the Department to defeat
every oil-shale claim possible.
We believe that no governmental policy of conservation of oil shale for
future governmental leasing can justify the confiscation of property rights
and investments in oil shale placer claims established under laws as con
strued by the highest courts of the land and as understood by the
people
of this mining region and is administered by your Department for the half
century proceeding the leasing act.
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We believe the claimants are entitled to a fair, impartial and judicial investi
gation of the facts upon which their applications for patent are based, as
they were before the leasing act. We believe they are entitled to an impartial
determination of the legal questions which arise after they have had a chance
to be heard.
We believe that claimants who in good faith and in keeping with the long
established practice of the Department, have made a substantial compliance
with all the things required for patenting these claims, should be able to
obtain their patents without long delays and excessive expenses. There is
a general feeling that we have not been getting detached judicial considera
tion of these matters, either by the Denver Field Division or superior officer*
in Washington.
After the leasing act, the attitude and position of the Department underwent
a radical change towards oil shale claimants. The government for the first
time assumed the attitude of an interested litigant against every oil shale
placer owner.
In practice, under this new and changed policy, the Department became the
adverse claimant, the prosecutor, the Judge, and jury, all in one.
The excerpts of the letter set out above, are, in the opinion of this
speaker, as applicable today as they were in 1930.
I would point out that the rejection of the patent applications was
done without any hearing whatsoever.
We sincerely hope that the action of the Interior Department will not
ruin the chances of commercial production of oil shale as it did during
the period following World War I.
At that time, in the days of Dr. Alderson's presidency of the Colorado
School of Mines, crude oil was selling at $5.00 per barrel and it seemed
that it would be impossible to find enough well oil to keep up with the
enormous increase in demand.
Oil shale had long supplied much needed oil in Scotland. Australia,
Estonia, and other countries. It was prudent to turn to oil shale as a
supplementary source of oil in the United States.
Oil shale placer claims were located and some of the land patented.
One company in particular, using a retort developed by Mr. Catlin, one
time chief mining engineer of New Jersey Zinc Company, and mining
techniques developed by Gus Goodale, a Colorado School of Mines gradu
ate, had the know-how and the land to start an oil shale industry.
Then the Department of Interior refused to issue a patent to the Spad
claim because there was insufficient assessment work done in a particular
year. All technical work stopped and the legal battle began. The result
was that the court told the Department of Interior that the unpatented
claims were property of the highest order and could not be confiscated
by administrative action. However, the depression had started and plans
to start a plant on Parachute Creek were dropped.
And so it is today that although there is relatively little land left in
which patent applications are pending or can be made, the complete
frustration of shale claimants in attempting to process their patent appli
cations through the Department of Interior arises from efforts so time
consuming as to defy description.
PHYSICAL BACKGROUND OIL SHALE
Frank G. Cooley
This morning I plan to discuss some of the physical background in
the area of the shale: water, electric power, and the political divisions.
The shale lies chiefly in two watersheds: to the north, the watershed
of the White River Valley, including the tributaries of Piceance Creek and
Yellow Creek: to the south, the Colorado River Vallev or Grand River
Valley with the tributaries of Roan Creek and Parachute Creek. Generally
the richer and thicker shales are in the watershed of the White River
Valley, but they are covered with 900 feet or more of overburden.
Generally, the more accessible shales are along Roan Creek and Parachute
Creek, tributaries to the Colorado River.
The shale is divided as far west as Range 99 West by an east-west
line half way down in Township 4 South. This is the county line between
Rio Blanco County to the north and Garfield County to the south. It
approximates the drainage divide. With these drainages defined we will
go directly to the water problems.
Figure 1 is the table prepared in July of 1959 by Cameron and Jones
in their report to the Colorado Water Conservation Board entitled "Water
Requirements for Oil Shale,
1960-1975."
Now this is just a projection
and a guess of what Cameron and Jones believed might be the water
requirements during this period. It is based upon one assumption on top
of another. As is so often the case in shale, Cameron and
Jones'
guesses
are based partly upon the guesses of someone else, and so on. This report
and the population figures tied to it have been good for a lot of amusement
in western Colorado. Not anv more. This is a "come to scoff and stay
to situation. The more study that anyone puts into the water require
ments and the personnel requirements, the more one is convinced that
these figures are conservative and even minimal. On this table let me
point out a few key figures. Shale oil production by 1975. a million and
a quarter barrels a day. may be expected to be only 8 percent to 10
percent of the requirements of the United States at that time; yet the
amount of water required to support this size industry is only a quarter
of a million acre feet or roughly the capacity of the Dillon Dam. This size
of production would be more than thirty times the current daily production
of the Rangely Oil Field. Colorado's largest. But both in the Athabasca
Attorney, Meeker, Colorado.
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SUMMARY OF WATER USE DATA
FOR




Period 1960-65 1965-70 1970-75
Shale Oil Production, B/D 25,,000 150,000 1, 250,000
Water Requirements, AF/Yr.
Shale Oil Production and
Refining
Diverted 550 12,000 127,000
Consumed 500 11,000 114,000
Shale-Related Industry
Diverted - - 10,000
Consumed - - 5,000
Municipal (New Population)
Diverted 750 15,000 115,000


















Tar Sands, the McMurray formation, and in the shale, the disclosures
from the majors all tend to indicate that the initial commercial phase
will be on the order of at least 10,000 barrels of oil a day and possibly
plants up to 25,000 to 30,000 barrels of oil a day. We may judge thai
the industry will be large at its beginning, and that there is no economic
advantage to a small start.
Western Colorado is at the edge of the Great American Desert and
is deficient in moisture. The mountains on the Continental Divide and
the ranges to the west provide runoff for irrigation. During the spring
runoff there is unadjudicated and excess water flowing in both rivers down
to Lake Powell and Lake Mead. Figure 2 is the table of the geological
survey surface water
division for the White River near Meeker. Colorado.
The drainage area at this point is 762 square miles, and the average
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GREEN RIVER BASIN 295
9-3045. White River near Meeker, Colo.
Location. --Lt 40*02 '00". long 107'51'35". in NE% sec.30, T.l N. , R.93 W. , on left bank 1 mile upstream from Curtis Creek and 2% mile.
east of Meeker.
^
Drainage area. 762 sq mi.
Records available. -June 1901 to December 1906, October 1909 to September 1962. Monthly discharge only for some periods, published in
WSP 1313. Published as "at Meeker" 1901-13.
Gage. --Water -stage recorder. Altitude of gage is 6,320 ft (from topographic map). Prior to Oct. 31, 1906, and May 7 to Aug. 13, 1910,
staff gage and Aug. 14, 1910, to Oct. 19, 1913, water-stage recorder, at site 2% miles downstream at different datum. Oct. 20, 1913,
to Sept. 30, 1933, water-stage recorder at present site at datum 1.00 ft higher.
Average discharge. --58 years, 633 cfs (458,300 acre -ft per year).
Extremes. --Maximum discharge during year, 4,150 cfs May 13 (gage height, 3.90 ft); minimum daily, 200 cfs Jan. 10.
1901-6, 1909-62: Maximum discharge observed, 6,370 cfs June 16, 1921 (gage height, 5.60 ft, present datum), from rating curve
extended above 4,700 cfs; minimum daily, 112 cfs July 17, 1934.
Remarks. --Records good except those for periods of ice effect or no gage-height record, which are poor. Diversions above station for
irrigation of about 12,000 acres above station and about 3,000 acres below.
Rating tables, except periods of ice affect (gage height, in feet,
and discharge, in cubic feet per second)
(Shifting-control method used Oct. 1 to Dec. 20, Mar. 28 to Apr. 12, Apr. 19, 20)
Oct. 1 to Apr. 20 Apr. 21 to Sept. 30
0.1 190 2.0 1,09a 0.4 295 2.0 1,190
.3 230 2.5 1,550 1.0 530 3.0 2,440
1.0 510 3.0 2,200 1.5 780 3.9 4,150
1.5 750
Discharge, in cubic feet per second, water year October 1962 to September 1962
Day Oct. Nov. Dec. Jan. Feb. Max. Apr. May June July Aug. Sept.
1 542 470 380 b 280 320 b300 380 1.450 1,440 2.030 530 357
2 501 460 371 b 280 320 b 340 400 1,370 L700 1.840 503 353
3 492 398 375 b 280 320 b360 *420 L400 1.930 L700 503 341
4 49 2 452 363 300 340 359 420 1,680 2.130 1,580 521 337
5 492 380 315 300 340 *331 434 1.960 *2.140 L410 508 345
6 492 402 384 300 360 375 442 2.360 2.130 1-290 494 * 357
7 501 452 335 320 360 375 442 2.540 2.220 1.220 521 341
8 510 452 355 320 380 355 442 2.730 2.040 1,170 481 337
9 610 442 343 260 * 420 339 438 2.940 1,880 1.050 461 345
10 582 434 327
*
200 460 351 447 3.190 1,980 * 960 453 345
11 532 438 303 240 480 339 474 3.270 2.200 843 433 325
12 519 429 280 280 420 307 501 3.530 2.440 801 425 322
13 496 *406 300 280 380 284 560 3.770 2.690 794 413 322
14 501 355 400 280 360 299 685 * 3.090 2.820 794 369 325
15 506 420 360 260 340 343 846 2.600 2.780 744 345 329
16 *514 424 360 260 360 331 1.040 2.200 2.580 710 319 353
17 510 420 340 260 340 347 L150 1,960 2.180 690 310 353
18 514 406 340 280 320 331 1.330 1,770 L840 660 333 333
19 510 355 340 320 320 327 1,510 1,630 1,920 655 389 329
20 501 330 * 360 340 320 343 1.730 1,760 2.100 635 373 349
21 483 420 b 340 320 320 339 1,860 1,800 ?2.270 616 333 433
22 488 375 b 320 300 *b 300 343 1,600 1,770 2.390 598 369 453
23 465 420 b 300 260 b 320 340 1,690 1.640 2.360 598 381 413
24 460 393 b 320 280 b 320 340 1.880 1,540 2.220 625 393 397
25 442 398 b 340 280 b 320 360 *2.080 1,600 2.140 616 377 397
26 452 406 b 320 300 b 320 420 2.130 1,620 2.100 611 369 393
27 465 398 b 280 300 b 300 480 1,900 L720 2.130 620 357 393
28 478 338 b 260 300 b 240 460 1.940 1,630 2.110 606 353 421
29 460 355 b 320 300 . 400 2.000 1,460 1,940 552 369 441




360 1.650 1.310 2.140 543 373 433
31 465 380 1.290 * 544 365
Total 15.427 12.316 10.311 asso 9.700 10.958 32.821 64.580 65.040 2ano 12.723 10.972
Mean 498 411 333 286 346 353 1,094 2,083 2,168 907 410 366
Ac-ft 30,600 24,430 20,450 17,610 19,240 21,730 65,100 128,100 129,000 55,760 25,240 21,760
Calendar year 1961: Max 1,950 Min 170





















6-15 0800 3.28 2,920
* Discharge measurement made on this day.
b Stage -discharge relation affected by ice.
Note. --No gage-height record Dec. 12-20, Jan. 4 to Feb. 21
(stage -discharge relation affected by Ice most of period),
Mar. 23 to Apr. 3.
Figure 2
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discharge over 58 years is 458,000 acre feet per year. Keep this one figure
in mind: 158,000 acre feet per year runoff. This is the equivalent of 633
cubic feet of water per second of time through the year. The table is for
October 1961 to September 1962. The all-time low. July 17. 1934, was
for 112 cubic feet per second.
Notice, however, that two-thirds of the discharge came in April. May,
June, and July of 1962. Two-thirds of the water came in four months.
May, June, and July are the three heavy months for irrigation and these
measurements were affected by diversions for the major ditches in the
area of Agency Park around Meeker. Figure 3 is a hydrograph tracing
for the same water measuring station for the years 1954 and 1957. The
paper is logarithmic. It can be seen that the same patterns obtain except
that the peaks vary from year to year and the total runoff in the months
of June, July and August can vary greatly between a dry year and a wet
year. The main flow of the river can be seen from this hydrograph sheet
to be around 300 cubic feet per second. Figure 4 is a tabulation for 1962
for the Colorado River main stem at Glenwood Springs, Colorado. The
average discharge over 63 years here has been two million acre feet a
year. These figures as to peak runoff are even stronger than those shown
for the White River. That is April, May, June, and July, four months,
contained nearly three-fourths of the discharge of the Colorado River.
The next exhibit. Figures 5 and 6, are copies of the records of the
Division Engineer as to the appropriated water rights on Piceance Creek.
This tabulation by the Division Engineer is not the best evidence of the
adjudicated water rights, but it is included here as a matter of interest
and to underscore the fact that there is no unadjudicated available water
now flowing in Piceance Creek. There is a limited flow of water in the
creek and a large number of adjudicated rights. Someone is shut down
every year; and this week some of the old rights have been shut down
in Piceance Creek by claimants having a lower priority number, a senior
right. Priorities in Colorado are determined by priority numbers which
are assigned by the District Court in the respective water districts.
Socony Mobil has filed a reservoir claim on Black Sulphur Creek in
2 South, 97 West, for a 31,000 acre foot reservoir and a 36-inch pipeline
from Piceance Creek, a two million dollar project. During irrigation
season there is no water available to fill the reservoir, and the rest of the
year there is little runoff. Nevertheless, the plan is wise for reasons we
shall see.
Another source of water which must be considered in the area of the
shale is formation water. The next Figure, Number 7, is a drill stem
test of a water sample from Equity Oil Company, Sulphur Creek Well
No. 13. Notice the carbonate count, the bicarbonate count, salt count
and the sodium count. The wells flow water at various depths and this
particular well flowed in the Parachute Creek member both at depths
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COLORADO RIVER MAIN STEM 187
9-725. Colorado River at Glenwood Springs, Colo.
Location.-
-Lat 39*33'00", long 107*19'20". In sec. 9, T.6 S., R.89 W. , on right bank at powerplant at Glenwood Springs, 10 ft from
U. S. Highways 6 and 24 and half a mile upstream from Roaring Fork.
Drainage area. --4.560 sq mi, approximately.
Records available. --May 1899 to September 1962. Prior to October 1918, published as Grand River at Glenwood Springs.
Gage. --Water-stage recorder. Datum of gage is 5,720.71 ft above mean sea level, adjustment of 1912. Prior to Jan. 1, 1900, wire-
weight gage at railroad bridge 2,500 ft downstream at different datum. Jan. 1, 1900, to May 16, 1910, staff or float gage at
present site and datum.
Average discharge. --63 years, 2,764 cfs (2,001,000 acre -ft per year).
Extremes . - -Maximum discharge during year, 14,600 cfs May 13 (gage height, 9.83 ft); minimum dally, 764 cfs Dec. 12.
1899-1962: Maximum discharge, 30,100 cfs June 14, 1918 (gage height, 12.55 ft); minimum daily, 286 cfs Jan. 22, 1935.
Remarks. --Records good except those for periods of no gage-height record, which are fair. Natural flow of stream affected by
transmountaln diversions, storage reservoirs, power development, diversions for irrigation of about 70,000 acres, and return flow
from irrigated areas. Low flow regulated by Shoshone powerplant 6 miles above station.
Rating tables (gage height, in feet, and discharge,
in cubic feet per second)
(Shifting -control method used Dec. 18, 19, May 8 to June 13)
Oct. 1 to Apr. 11 Apr. 12 to Sept. 30
3.0 615 4.5 2,090
3.5 990 5.0 2,900
4.0 1,500 6.0 5,120
3.5 990 6.0 4,740
4.0 1,500 8.0 9,800
4.5 2,090 9.5 14,100
5.0 2,900
Discharge , in cubic feet per second, water year October 1961 tc September 1962
Day Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept.
1 2t5_2U 1,640 L230 1,320 1,360 1,600 2.130 a620 6.180 a460 2.400 1,320
2 2.400 1,660 1.240 1,240 1,370 1.660
* 2.36 0 7.930 6.630 a240 2.360 1,310
3 2.350 1.530 1,290 1,160 1.370 L780 2.880 7.490 6.660 8.060 2.280 1,290
4 2.430 1,350 1.260 1,240 1.390 L720 3.100 7.400 7.150 8.010 2.380 1,270
5 2.320 1,210 1,150 1.390 L410
* 1,720 3.180 a200 7.36 0 7.540 2.360 1,260
6 2.340 1,210 1.260 1.530 *1,420 1,720 3.200 8.790 7.570 7.330 2.230 1,240
7 2.300
* 1,100 1.260 1.530 L490 1,800 2.810 9.720 * 7.570 6.630 2.170 1,240
8 2.130 1,320 L240 1.560 1.560 1.860 2.520 10.700 7.280 6.100 2.150 1,250
9 2.04 0 1,520 1.210
* L.500 1,610 2.020 2.260 11.400 6.920 * 5.400 2.050 1.260
10 2.260 1.570 1.030 1,080 1.760 2.170 2.300 12.300 6.580 5.290 2.050 1,280
11
* 2.300 1,480 LOIO 778 L880 2.080 2.970 12.900 7.100 5.140 2.000 1,270
12 2.280 1,480 764 972 2.050 1.840 3.210 13.400 7.96 0 4.920 1,950 1,260
13 2.280 1,440 920 1,040 2.350 2.13 0 3.3 70 14.000 8.650 4.740 1,880 1.210
14 2.300 1,250 1,170 1.250 2.010 2.23 0 4.020 * 12.700 9.270 4.560 1.830 1.180
15 2.080 1,200 1,330 1.280 1.800 2.280 4.920 11.300 9.270 4.440 1.600 1.230
16 1.830 1,320 1,560 1,230 1,770 2.230 6.06 0 10.000 8.600 4.360 1,540 1,200
17 2.040 1,450 1.380 1.280 1,740 2.2 30 6.610 9.020 7.880 3.84 0 1,620 1,180
18 2.010 L400
* 1,350 L300 1.630 1,680 6.790 8.3 70 * 7.260 3.960 1.530 LlOO
19 2.080 1.290 1.270 1,380 L580 1.590 7.590 7.830 7.150 3.780 1.570 L160
20 2.010 1,310 1.430 L480 1.590 1,740 8.3 70 7.360 7.6 70 3.490 1.630 1.170
21 2.000 1,360 1,460 1,500 1.600 1.730 9.24 0 7.410 7.930 3.310 1.580 1.200
22 1.840 1,350 1,410 1,460 1,610 L800 a740 7.150 a3oo 3.170 1,530 L300
23 L710 1,360 1,300 L390 1.630 1,840 a370 6.680 ao6o 2.970 1,510 1,290
24 1.840 1,310 1,230 L320 1.590 L780 8.46 0 6.420 7.930 2.880 1.520 1,300
25 1.830 1.320 1,210 1.100 1.610 1,680 9.270 6.400 7.520 2.990 1,500 1,270
26 1.740 1,260 1.360 1.190 1,540 1.800 10.100 6.420 7.310 2.900 1.470 1,250
27 1,760 1,290 1.350 1,280 1.450 2.200 10.200 6.630 7.830 2.770 1,430 L260
28 1.770 1.240 L230 1,350 1.500 2.760 9.830 6.870 7.590 2.790 * 1.400 L250

















Total 64.580 40.630 39.034 40.200 4=1,670 6L540 174.750 271.940 229.2 30 145.220 55.620 37.340
Mean 2,083 1,354 1,259 1,297 1,631 1,985 5,825 8,772 7,641 4,685 1,794 1,245
74,060
Ac-ft 128,100 80,590 77,420 79,740 90,590 122,100 346,600 i 39 ,400 454,700 288,000 110,300
Calendar year 1961: Max 6,940 Mln 686







* Discharge measurement made on this day.
Note. --No gage-height record Nov. 3-5, Nov. 14 to Dec. 5, Dec. 13-16, Feb. 27 to Mar. 1, May 4, 5, Sept. 20-22.
Figure 4
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of 700 feet and 1500 feet. Wells were drilled with air and with an air
kick the lower zone flowed a seven inch stream of water. This was not
the only water encountered in these wells, but these were the large flows.
Other drillers in the basin have had similar experience, and I believe that
the water analysis is typical. More work needs to be done.
What are the diversions and existing water uses in these basins?
Filings have been made on the basis of an oil shale industry in both the
Colorado main stem and along theWhite River.
The prior adjudicated rights are the irrigation rights. On the White
River there are diversions for 12,000 irrigated acres above the gauging
station at Meeker and for 3,000 acres below the station. On the Colorado,
the river is controlled by the old priority of the Public Service Company
at the Shoshoni Dam and Power Plant for 1,250 cubic feet of water per
second. Water rights of about 1,400 cubic feet per second at Palisade
control the minimum flows in the Colorado River here. These are early
adjudicated priorities which total approximately 2,200 cubic feet per
second, but these rights can usually be satisfied by 1400 cubic feet per
second because of re-use.
Now as to the irrigation water, let me point out that the irrigation
season commences in May and ends in September.
In the use of the early adjudicated irrigation priorities for industrial
or domestic uses, some obstacles must be mentioned. First, with irrigation
water the use lasts for only 120 days or so. Second, there is substantial
return flow to the river from irrigation uses, perhaps as much as 90
percent. Irrigation water as it flows down these streams is used again
and again so, therefore, the irrigation diversion should not be totaled up
to determine the demand of the river. Finally, the uses may be less than
those which have been adjudicated. This is to say that the oil company
purchasing 10 feet of water from Pioneer Ditch should not assume with
out thorough research and investigation that it can divert this 10 cubic
feet to an industrial use on Parachute Creek or Piceance Creek.
Figure 8 is a partial list of water rights and water adjudications on
the Colorado River for oil shale development. The purpose is to show
the activity of the majors in attempting to solve the water problem on
their own. Figure 9 is a list of some of the early adjudicated priorities
along the White River.
In addition to the irrigation priorities on the White River, three pro
posed projects have to be mentioned. First, there is the Yellow Jacket
project, a participating project under the Upper Colorado River Basin
Fund. The project would divert water from the White River to irrigate
40,000 acres. It is proposed under this project, which has a priority
date of November 9, 1953, to put 25,000 acre feet only of storage capacity
in Trappers Lake, and to construct a canal from the White River with
a capacity of 660 cubic feet of water. Water would be diverted from the
White River Valley and some of it put into the drainage of the Yampa
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DRILL STEM TEST OF WATER
SULPHUR CREEK WELL #13









Specific Gravity 1.003 at
70
f.





water zones encountered (700 & 1500) in this
well which was drilled with air. Assisted by an air kick,
the lower zone flowed a seven inch stream. The water is
artesian. There was also water in sand stringers above the
tuff marker.
Figure 7
River, with a reservoir on Milk Creek of the capacity of 31,500 acre feet.
By this proposal 118,000 acre feet of water would be taken from the
White River drainage and diverted to Axial Basin. The White River would
be depleted by an average of 77,000 acre feet a year. This would take
one-sixth of the total available water of the White River and put it beyond
practical utilization by an oil shale industry. This water is probably
unavailable to an oil shale industry because of a stipulation made by
the district that their priority be limited to water for 40,000 acres of land.
The second diversion is the proposal of the Rocky Mountain Power
Company. This English owned corporation has plans to build a reservoir
in the forest on the South Fork of the White River and to store in this
reservoir 98,787 acre feet of water. Diversions would be made out of
the watershed of the White River into the Colorado River above Shoshoni
in an amount of from 90,000 to as much as 140,000 acre feet per year
by my estimates. This water might be lost to an oil shale industry except
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Union Oil Co. 23.7 c/f/sec. direct flow
Eaton Shale Co. 13.1
(Standard of California)
Dow Chemical 20.0 c/f/sec. conditional
COLORADO RIVER
Union Oil Co. 118. 5 c/f/sec
Eaton Shale Co. 100
Dow Chemical Co. 178
Sinclair Oil Co. 33
Getty Oil Co. 56 (approx. )
Cities Service 100 (approx. )
Pacific Oil Co. 85.88
(Standard of Cal.)
Figure 8
as the water might later be utilized through the proposed 50-mile Colo
rado River pipeline, at Grand Valley on the Colorado River side. The
plan of this diversion might be changed to provide pipelines across the
Flat Tops into upper Piceance Basin. By the diversion as planned, the
White River loss will exceed one-sixth of its total discharge.
The third proposal, for which an early conditional decree has been
entered prior to the Rocky Mountain project, is Stillwater reservoir on
the South Fork of the White River with a capacity of only 10,744 acre
feet. It includes a pipeline with a carrying capacity of 70 cubic feet into
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WHITE RIVER
Selected Prior Adjudicated Rights
(Not in any sequence)
Meeker Power Ditch 180.00 cfs.
Miller Creek Ditch 100.00 cfs.
Highland Ditch 102.30 cfs.
Oak Ridge Park 66.79 cfs.
Old Agency Ditch 35.40 cfs.
Lowland Ditch 8.40 cfs.
Southside Ditch 33.00 cfs.
Meeker Townsite Ditch 25.70 cfs.
Niblock Ditch 61.981 cfs.
Pease Ditch 22.76 cfs.
Powell Park Ditch 67.64 cfs.
Hay Bretherton Ditch 22.25 cfs.
Figure 9
the headwaters of Piceance Creek. This project is being actively pursued
as a means to provide both industrial and domestic water for an oil shale
industry in Piceance Creek.
CONCLUSION
Because of the variations in the discharge of the White River, which
averages approximately 458,000 acre feet a year, at Meeker, the present
flows are not sufficient or reliable as the basis for an industry, particu
larly in low run-off months with the burden of the prior claims. A reser
voir or several reservoirs below the forest having a total capacity of
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one-half a million acre feet of water are essential. Conditional decrees
for the reservoirs should be obtained at once. Possible sites include the
Pot Hole Valley of North Fork, the Buford reservoir site or the Sleepy
Cat Valley. The present reservoirs, and the reservoirs upon which there
are now filings, are insufficient for the requirements of an oil shale
industry of even one million barrels a day.
The same conclusion is inescapable for the Colorado River. Addi
tional reservoir storage of half a million acre feet is essential and even
this figure is inadequate. Anything less will cripple the potential for even
a limited industry an industry supplying less than a tenth of the oil
requirements after 1980.
Eight reservoirs must be pushed by all of Colorado to early construc
tion: The Iron Mountain Reservoir on the Eagle River; the Rock Creek
Reservoir at McCoy; the Azure and Kremmling Reservoirs below Green
Mountain Dam; the Canyon Creek Reservoir near Glenwood Springs:
the West Divide Reservoir at Placita: the DeBerard Reservoir on the
Muddy and the Haystack Reservoir on Troublesome. If Denver plans
to grow, it must help build these reservoirs for an oil shale industry.
The time problem is desperate. In shale, the talking phase is about
over. The building stage is here, and the only question is how soon?
One million acre feet of additional storage capacity on the Colorado River
and the White River is essential.
POLITICAL SUBDIVISIONS
The third and final area I will outline is the political divisions of the
area. The two counties have been mentioned, Rio Blanco County to the
north and Garfield County to the south. The county seats are at Meeker
and Glenwood Springs, respectively. Livestock interests predominate in
both counties, as they should.
There are only four school districts in the principal shale area, with
the Rifle district, Re-2, next to the area and at the principal point of access.
The next figure shows the present school population and the capacity.
The impact may be felt first at Grand Valley which is not now equipped
for a substantial influx. The Rock School on Piceance would be overtaxed
with any substantial development in that area.
Schools will be one of the first local problems upon the beginning of
an industry.
Hospitals are another matter. Rangely, Meeker, and Rifle have excel
lent new hospitals with adequate staffs and capacity beyond the present
needs.
ELECTRIC POWER
The power requirements of an oil shale industry will be met by electric
utilities having large generating and transmission capacity in the area now.











N M 1 C U E L L
He No. I
SCHOOL DISTRICT BOUNDARIES OF COLORADO
AS OF JANUARY 1964
^T .*IHT ICIM>L iTIUlT COOHlf lint
A JUNIOR COlLfCI
Figure 11
150 Quarterly of the Colorado School of Mines
SCHOOL POPULATION
PRESENT
Elementary Jr . High
Hig'
Rifle 472 125 280
Grand Valley 61 20 49
DeBeque 52 ~ 56
Rock School 30 ~
Meeker 368 106 168
Rangely 393 178 233
CAPACITY












Rangely Junior College (125) (425)
Figure 12
Public Service Company of Colorado has been granted certificates for
the shale area of Garfield County up to the county line. Multi-phase lines
parallel the Colorado Valley, on either side, and lines have been built
to serve the Union plant on Parachute Creek. The offices of Public
Service are zealous in anticipating the power requirements of an oil shale
industry.
The Piceance Creek Drainage in Rio Blanco County as far west as
two miles into Range 99 West is now served by White River Electric
Association. White River has lines along Piceance Creek and up many
of its tributaries. Under its certificate, White River may serve all loads
in the area, but service to the oil shale industry from lines in excess of
24,900 volts is left for a future determination by the Public Utilities
Commission of Colorado.
To the west, along the Cathedral Bluffs area of Rio Blanco County,
Moon Lake Electric Association of Vernal, Utah, has a certificate from
the Colorado Public Utilities Commission.
There can be little doubt that the large power requirements of an
industry can be met. The Bureau of Reclamation is now completing a
line along the Grand Hogback next to the shale of 230,000 volt capacity.
This line connects the Glen Canyon Dam to the Colorado-Ute steam
generation plant at Hayden. The Hayden plant is now nearing completion
on its first phase, and will have 150,000 KW capacity next winter and
200,000 KW more capacity with new additions now about to be let for
contract.
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A most significant point is planning and zoning. To anticipate
the
industrial and booming recreational problems, planning and zoning may
be expected in Garfield County this spring, and is underway now in Rio
Blanco County. The counties expect to cooperate with industry in the
elimination of blight. Unregulated trailer towns serve no purpose. Industry
and government here can cooperate to eliminate blight before it develops.
TO SUM UP
Many large storage reservoirs must be built on the Colorado and the
White Rivers if the industry is to have any real chance of full maturity.
A lesser and local problem is the limited capacity of the schools in the
area.
 
GEOLOGY AND OIL-SHALE RESOURCES
OF THE GREEN RIVER FORMATION
John R. Donnell
The Green River Formation was deposited in two large Eocene lakes
Lake Gosiute, which occupied about 14,000 square miles in what is
now called the Green River. Great Divide, Washakie, and Sand Wash
Basins, and Lake Uinta, which occupied about 20,000 square miles in what
is now called the Piceance Creek and Uinta Basins (fig. 1). A third,
much smaller lake occupied what is now the Fossil Basin in western Wyo
ming. The Gros Ventre. Wind River, and Sweetwater uplifts bordered
Lake Gosiute on the north, the Park and Sawatch ranges bordered Lake
Gosiute and Lake Uinta on the east. The Wasatch and Absaroka and
other associated fault blocks bordered Lake Uinta on the west and the
Uncompahgre uplift bordered Lake Uinta on the south. The Uinta Moun
tains, an east-trending high area, were positive during most of the early
and middle Eocene, contributing sediments to Lake Gosiute and Lake
Uinta and forming an effective barrier between them. In addition, a
barrier existed between the Green River and Fossil Basins. The Rock
Springs uplift, a north-trending feature, separates the present-day Green
River and Washakie Basins; a similar north-trending feature, the Douglas
Creek arch, separates the present-day Piceance Creek and Uinta Basins.
The exact influence of the Rock Springs uplift and the Douglas Creek
arch on the deposition of the Green River Formation is not precisely
known.
The information upon which the generalized reconstructed sections
(figs. 2 and 3) are based was obtained from many sources. Localities
A, B, D. and F on the Colorado-Utah section, and G and K on the Colo
rado-Wyoming section, were in great part taken from measured surface
sections; B and I were taken at least in part from cores; and C, E, H, and
J were taken from sample descriptions of wells drilled for oil and gas.
Assays of the oil shales by the U. S. Bureau of Mines were used where
they were available. William B. Cashion supplied much of the information
and aided in the interpretation of the Utah part of the cross section.
William C. Culbertson furnished much of the information for and was in
great part responsible for the interpretations of the Wyoming part.
U. S. Geological Survey, Denver, Colo.
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Location of Tertiary basins in which the Green River
Formation was deposited. Letters enclosed in circles
are localities used in cross sections.
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Figure 3. --Generalized reconstructed section across the Sand Wash,
Washakie and Green River Basins. Letters enclosed in circles are
localities shown on figure I.
Figure 2 is the reconstructed generalized cross section across the
Piceance Creek and Uinta Basins. The patterns on the figure refer to
different types of environmental deposits rather than to specific lithologies.
The solid black and the unpatterned areas represent lake deposits of the
Green River Formation. The solid black is oil shale and is restricted
mostly to the Parachute Creek and Garden Gulch Members. The oil shale
is a fine-grained rock high in organic matter that was deposited in quiet
water at some distance from the lake shore. The unpatterned areas repre
sent all other lacustrine rocks sandstone, algal, oolitic and ostracodal
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limestone and ostracodal sandstone, and other sediments that are generally
regarded as nearshore lake deposits. The unpatterned area is restricted
mostly to the
Evacuation Creek and Douglas Creek Members. The dotted
areas represent deposits laid down in streams that were marginal to and
that fed the Eocene lakes. This dotted pattern represents beds of the
Wasatch Formation which underlie and locally intertongue with the lower
part of the Green River Formation. It also shows beds of the Uinta
Formation, which overlie and locally intertongue with the upper part of
the Green River Formation. The sections are aligned on the Mahogany
bed, one of the richest and the most widespread oil-shale beds in the
Piceance Creek and Uinta Basins.
Locality A is near the east end of Grand Mesa at or near the southeast
margin of the Piceance Creek Basin. The Green River Formation is thin
in this area, reflecting the proximity of the Uncompahgre uplift to the
south. Oil-shale deposition began in this area with the deposition of the
Mahogany bed when the lake was at its maximum extent. Many minor
fluctuations of the southern margin of the lake are recorded at this locality.
Stream deposits reappear about 500 feet above the Mahogany bed, indi
cating the withdrawal of the lake from this area.
Locality B is on the north side of the Colorado River near the U. S.
Bureau of Mines experimental mine and plant west of Rifle. At this
locality, the Green River Formation is more than 2,000 feet thick. This
area is closer to the center of the Piceance Creek Basin as shown by the
earlier deposition of oil shales here than at locality A. Several minor
fluctuations of the lake are recorded by the intertonguing of nearshore
sediments with oil shales in the several hundred feet of section below the
Mahogany bed. This area was remote from shore for a rather long period
starting with deposition of oil-shale beds about 80 feet below the Mahog
any bed and ending with the deposition of sandstone beds about 500 feet
above.
Locality C is in the vicinity of the junction of Ryans Gulch and Black
Sulphur Creek with Piceance Creek (about 35 miles northwest of Rifle)
and is at or very near the center of the Piceance Creek Basin. The Green
River Formation is more than 3,000 feet thick in this area (the entire
thickness is not plotted on figure 2). In addition, several hundred feet of
interbedded Wasatch and nearshore lacustrine beds indicate the presence
of a small older shallow lake that fluctuated in size and disappeared early
in the history of Lake Uinta. The oil shale at locality C is about 2,000 feet
thick. This represents more than several million years of continuous lake
deposition. During the deposition of beds in the interval a few hundred
feet above the Mahogany bed the northern margin of the basin began to
fluctuate, resulting in intertonguing of nearshore deposits with oil shales.
Between locality C and D is the Douglas Creek arch. It is likely that
the arch was a sublake high during deposition of most of the Green River
Formation, and that it acted as a shoal where coarse elastics accumulated
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during the time of deposition of much of the pre-Mahogany bed
sediments.
From the beginning of deposition of the main body of oil shale until the
resumption of stream deposition, the Douglas Creek arch had little or no
influence on deposition. The thickness of the oil-shale sequence, the
number of key beds and the interval between them are the same on
both
sides of the arch.
Locality D is west of the Douglas Creek arch and on the eastern
edge
of the Uinta Basin in the vicinity of Hells Hole Canyon.
Locality E is at or near the center of the Uinta Basin. The
oil-shale
sequence thickens in this area, and attains a maximum thickness of about
1,200 feet. North and west of this area the Green River Formation is
more than 5,000 feet thick; however, much of the section consists of
inorganic sediments laid down in shallow water, and oil-shale beds that
are present are thin and relatively low grade indicating that the area was
some distance from the center of the basin.
Locality F is along the Green River just north of Naval Oil-Shale
Reserve No. 2, and about 50 miles south of Vernal. This area is near the
southern margin of the Uinta Basin and the sediments show the effect of
proximity to the Uncompahgre uplift. The upper part of this
section is
similar to that of locality A. The first oil shale deposited in the area is
just below the Mahogany bed. The fluctuations of the southern margin
of the lake are shown by the intertonguing of the oil shales and the
coarser nearshore elastics.
Surface rocks exposed in the area of localities C and E are dominantly
lacustrine deposits barren of oil. Also, the thick rich oil shales in the
lower part of the Green River Formation are restricted mostly to the area
near the center of the Piceance Creek and Uinta Basins. These oil shales
are generally known only from subsurface information mostly from the
interpretation of the rotary cuttings of wells drilled for oil and gas. They
tongue laterally very rapidly into nearshore lacustrine deposits which are
the exposed rock around much of the margin of the basin.
The right half of Figure 3 is based on an interpretation of surface
sections measured by others. The left half is based mainly on information
and correlations furnished by William C. Culbertson, who has done much
work in the Green River Basin. The datum on this figure is the base of
the Laney Shale Member of the Green River Formation or its correlatives.
The dotted area that intertongues with the lower part of and underlies
the Green River Formation (below the datum) is the Wasatch Formation.
The dotted area that intertongues with the upper part (above the datum)
and overlies the Green River Formation is the Bridger Formation.
Locality G is in the vicinity of Lookout Mountain, Colo., and the
section shown is an interpretation of a section measured by J. D. Sears
and W. H. Bradley. Shale which they described as tan or brown shale
is regarded as oil shale. The remainder of the sediments described as
Green River are shown as nearshore deposits. At locality G the Green
Geology and Oil Shale Resources 159
River Formation is separated into two members by 1,200 feet of the
Wasatch Formation. The upper member is termed the Laney Shale Mem
ber and the lower member is termed the Tipton Shale Member (or
Tongue). Both members of the Green River Formation are composed
in great part of oil shale of unappraised value.
At locality H the wedge of Wasatch separating the Laney and the
Tipton has thickened to 2,400 feet. Assays have been run by the U. S.
Bureau of Mines on beds of the Green River Formation at this locality.
The Tipton consists of about 300 feet of low-grade oil shale but also con
tains minor amounts of coarser elastics high in inorganic matter. The
Laney contains oil shale with fair assay value through several hundred
feet of section.
Locality I is a core hole on the east side of the Green River Basin
about 5 miles south of the town of Green River. In much of the area
between localities H and I all of the Green River and most of the Wasatch
have been eroded, but have been restored in the section. The Tipton and
the Laney are present at both localities H and I. In addition, the thick
tongue of Wasatch separating them at locality H has graded into lacustrine
beds at locality I. These lacustrine beds are termed the Wilkins Peak
Member of the Green River Formation.
Locality J is a well drilled for oil and gas in the north-central part of
the Green River Basin about 30 miles northwest of the town of Green
River. In this area the total Green River Formation has thinned to about
900 feet. The Tipton is thin and is separated from the upper oil shale by
nearshore lacustrine beds in the lower part of the Wilkins Peak. The
upper part of the Wilkins Peak and the lower part of the Laney contain
the upper oil-shale unit, and although thinner here than at some other
places, assays indicate it to be the richest oil shale currently known in
the Green River Basin.
Locality K is near the center of the western part of the Green River
Basin. In this area the Green River Formation is divided into three
tongues separated by two tongues of the Wasatch Formation the lower
and upper tongues of the Green River in this area contain thin and rela
tively low grade beds of oil shale that are equivalent to the oil shales in
the Tipton and Laney elsewhere. A short distance to the west of this
locality the three tongues of the Green River Formation grade into the
Wasatch Formation.
To summarize the geologic history of the Sand Wash, Washakie, and
Green River Basins: the oil shales of the Tipton were deposited during
the early history of Lake Gosiute when the lake was quite extensive. After
the initial deposition of oil shale, the lake contracted to the present Green
River Basin as shown by the thick sequence of Wasatch in the Washakie
and Sand Wash Basins that is equivalent to the Wilkins Peak Member
of the Green River Formation in the Green River Basin. During this time
the Rock Springs uplift was probably a shoal that served as a surface of
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transport for material from the east and southeast into the Green River
Basin. Then the lake again expanded this time probably to its maximum
extent and the oil shales in the Laney were deposited. After attaining
its maximum size the lake was constricted gradually and the accumulation
of oil shale ceased as stream deposition was resumed throughout the area
formerly occupied by Lake Gosiute.
The areas shown with vertical ruled pattern on Figure 4 are areas in
which the oil-shale resources have been evaluated. In the Piceance Creek
Basin north of the Colorado River, north and west of Rifle, the U. S.
Bureau of Mines has assayed cuttings of more than 100 wells drilled for
oil and gas and has also assayed a comparable number of cores taken
from wells drilled through the oil shale. Most core holes were drilled
in the southern and western parts of the basin and very few pene
trated the thick, rich sequence of oil shales near the center of the basin.
Most oil and gas wells from which cuttings were assayed were drilled in
the northern half of the basin and many penetrated the rich shales near
the center. Three cores were assayed from Battlement Mesa (the small
vertical ruled area shown south and west of Rifle), as was one very short
core on the north flank of Grand Mesa (the southernmost vertical ruled
area in Colorado).
Cuttings from 125 oil and gas wells and about 40 cores in Utah have
been assayed for their oil content. In Utah, as in Colorado, most of the
cores are from areas remote from the center of the basin. Many core
holes have been drilled near the eastern margin of the basin close to
locality D and just east of the Green River in and adjacent to the Naval
Oil-Shale Reserve just north and east of locality F (fig. 1) .
Until recently the only assay information on the oil shale of Wyoming
was from a few sampled surface sections and a few wells drilled for oil
and gas. Most of these assays were from localities in the Green River
Basin.
Within the past few years the Wilkins Peak Member of the Green
River Formation within the area 25 miles northwest, west, southwest, and
south of Green River has been rather intensively explored for trona. In
connection with this exploration many core holes were drilled and the
cores assayed for oil content. Few of the cores penetrated the oil shale
in the Laney, but most of them completely penetrated the Wilkins Peak
and many of them penetrated at least part of the Tipton Shale Member.
The rich oil shales in the Wilkins Peak and lower part of the Laney, near
locality J (fig. 1), are known only from assays of rotary cuttings of wells
drilled for oil and gas.
In the Washakie Basin few samples from oil and gas wells have been
assayed and even fewer surface sections have been sampled and assayed.
There have been no published assays of well cuttings from Sand Wash
Basin and only scattered assays of surface samples from the sections
measured by Sears and Bradley.





Figure 4. "Location of areas that have been mapped in detail
and in which oil-shale resources have been evaluated.
Diagonal ruling indicates areas mapped or being mapped by the
U.S. Geological Survey, at scale 162,500 or greater . Vertical
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On the basis of the abundant assay information and the
detailed
geologic mapping in the part of the Piceance Creek Basin shown
with
vertical ruled pattern, Donald C. Duncan and I have estimated the
oil-
shale resources of the Piceance Creek Basin. From assay
information
and detailed mapping of much of the area east of the Green River
and
a general knowledge of the geology of the remainder of the area,
William
B. Cashion has evaluated the oil-shale potential of the entire Uinta Basin
and computed the oil-shale resources of most of the basin. On the basis
of the assays available and detailed mapping of the area south of the
town of Green River, and a general knowledge of most of the rest of the
Green River Basin, William C. Culbertson has estimated the oil-shale
resources of the Wyoming area shown with vertical ruled pattern.
In the three-state area it is estimated that beds that will yield more
than 10 gallons of oil per ton and average 13 gallons per ton contain
more than two trillion barrels of oil, and of this two trillion barrels more
than three-quarters of a trillion barrels are contained in beds that will yield
an average of 25 gallons of oil per ton. Of the estimated resources of
25-gallons-per-ton shale. 80 percent are in the Piceance Creek Basin, 15
percent in the Uinta Basin of Utah, and 5 percent in the Green River
Basin in Wyoming. One-foot samples of oil shale in the Uinta Basin assay
as high as 90 gallons of oil per ton.
Only for the Piceance Creek Basin, of all the areas evaluated, is
enough information available to allow proper evaluation. Any future
revision of resource estimates based on assays from additional drilling
in the Piceance Creek Basin will not change appreciably the magnitude
of the present estimates. At present the thicker and richer oil shales at or
near the center of the Uinta Basin have not been cored and very few oil
or gas wells have penetrated the shales in this area. Additional assays of
core or rotary cuttings from this area could very well cause future esti
mates of oil-shale resources in the Uinta Basin to be revised sharply
upward.
Until a very few years ago the area once covered by Lake Gosiute
was known as a tremendously large area underlain by extensive deposits
of noncommercial, thin, low-grade oil shales. Now several areas of poten
tial commercial interest have been delineated. However, the oil shale in
the vicinity of locality J, possibly the richest deposits in the Green River
Basin, is inadequately appraised in that no core holes and only a few
widely scattered oil and gas tests have been drilled in the area.
So little assay information is available for the Washakie and Sand
Wash Basins that an estimate of their oil-shale resources was not attempted
Assays of at least one well in the vicinity of locality H indicate that
potentially commercial deposits of oil shale do exist in the Washakie
Basin but nothing is known about the lateral extent. The Sand Wash
Basin is the greatest void in the appraisal of the oil-shale deposits of the
Green River Formation. The information available indicates that thick
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sequences of fine clastic rocks containing varying amounts of organic
matter underlie several hundred square miles in the Sand Wash Basin.
In summation, present knowledge of oil-shale resources is much im
proved over that of only a few years ago particularly in areas underlain
by thicker and richer shale. However, many large- areas in which deposits
of commercial grade and thickness are potentially present must still be
studied and evaluated.
 
 

